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ABSTRACT 
The breeding biology of shelduck a t Aberlady Bay i n 1976 i s 
d e s c r i b e d i n d e t a i l and p o s s i b l e f a c t o r s a f f e c t i n g breeding s u c c e s s 
ar e d i s c u s s e d . 
F a c t o r s a f f e c t i n g nest s i t e s e l e c t i o n were determined. Both 
parliament s i t e and nest s i t e tended to be as c l o s e a s p o s s i b l e to a 
p a i r ' s feeding area w i t h i n the bay, which was chosen i n e a r l y s p r i n g . 
A r t i f i c i a l nest boxes were used to study i n d i v i d u a l b i r d s during 
the breeding season. The rhythm of egg production was i r r e g u l a r f o r 
a l l b i r d s s t u d i e d . The mean r a t e of egg production was O.63 eggs day , 
and c l u t c h s i z e 9.3+2. eggs. Lay i n g occurred between 15th A p r i l and 
2nd J u l y , the mean i n c u b a t i o n y.eriod being 32.2+1.2 days. Hatching 
s u c c e s s v a r i e d between 80-10C#. There was l i t t l e evidence of p r e d a t i o n 
although there was some evidence of i n t r a s p e c i f i c d i s t u r b a n c e and 
mechanisms by which i t may occur a r e d e s c r i b e d . 
Ducklings appeared on the bay from the end of May u n t i l the f i r s t 
week i n J u l y . T h i r t y - s i x broods were brought onto the bay and most 
d u c k l i n g s were taken to a main n u r s e r y a r e a . 
Mechanisms l e a d i n g to c r e c h i n g of d u c k l i n g s are d e s c r i b e d . 
Creching was e x t e n s i v e , although mainly between d u c k l i n g s of s i m i l a r 
ages (and u s u a l l y younger d u c k l i n g s were i n v o l v e d ) . The l a r g e s t creche 
observed contained J>?> d u c k l i n g s . Ducklings could be s e p a r a t e d i n the 
f i e l d i n t o d i f f e r e n t age c l a s s e s ( I - I V ) . M o r t a l i t y of C l a s s I 
d u c k l i n g s was found to be 81?'. The f i r s t f l edged d u c k l i n g was 6een on 
16th J u l y . 
The d i s t r i b u t i o n w i t h i n the bay of i n v e r t e b r a t e food items taken 
by shelduc'c was determined. The abundance of Hydrobia ulvae w i t h i n the 
feeding ranges of breeding b i r d s v a r i e d between 1-100+ dm ^. Evidence 
suggested t h a t sediment type may be important i n a f f e c t i n g food 
a v a i l a b i l i t y i n d i f f e r e n t p a r t s of the bay. The f e e d i n g a r e a s of 
i n d i v i d u a l ducks during the breeding season moved each y e a r , e i t h e r 
i n t o , out of, or w i t h i n the bay. Movement of feeding a r e a s i n t o the 
bay, p a r t i c u l a r l y onto muddy or wet a r e a s , u s u a l l y r e s u l t e d i n 
s u c c e s s f u l breeding (duck seen with d u c k l i n g s ) . P a i r s f e e d ing f u r t h e r 
i n t o the bay or on muddy a r e a s bred e a r l i e r than o t h e r p a i r s . E a r l y 
breeding was thought to be b e n e f i c i a l f o r the maintenance of the 
p a r e n t / d u c k l i n g bond, and s u r v i v a l of d u c k l i n g s . 
Forty-two p a i r s were known to have bred between Musselburgh and 
North Berwick. The number of breeding p a i r s a t Aberlady was thought to 
be r e s t r i c t e d by competition f o r good feeding s i t e s i n the muddy or 
wetter a r e a s of the bay, coupled with i n c r e a s e d i n d i v i d u a l d i s t a n c e during 
the breeding season. 
P r o d u c t i o n of o f f s p r i n g a t " b e r l a d y Bay was found to be inadequate 
f o r maintenance of i t s population of shelduck (mainly due to high 
d u c k l i n g m o r t a l i t y ) and immigration from other a r e a s was thought to 
occur, e s p e c i a l l y from a r e a s with low d e n s i t i e s of shelduck where 
production per p a i r appeared to be h i g h e r . 
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1.1 INTRODUCTION 
Recent work, much of i t e x p e r i m e n t a l , has demonstrated t h a t 
s p a c i n g mechanisms i n g e n e r a l and t e r r i t o r i a l behaviour i n p a r t i c u l a r , 
can l i m i t the d e n s i t y of popul a t i o n s (Watson and Moss 1970). T h i s 
has been demonstrated f o r few b i r d s p e c i e s so f a r and the importance 
of s p a c i n g i n waterfowl lias r e c e i v e d s c a n t a t t e n t i o n , a p a r t from 
the work of McKinney (1965) and P a t t e r s o n (1976). 
The aim of my study was to examine i n d e t a i l the breeding 
b i o l o g y of i n d i v i d u a l l y marked shelduck a t Aberlady Bay, E a s t L o t h i a n , 
S c o t l a n d . By doing so, the v a l i d i t y was to be examined of J e n k i n s 
e t a l . (1975) h y p o t h e s i s r e l a t i n g the s o c i a l s t a t u s o f shelduck t o 
t h e i r breeding s u c c e s s . I t was a l s o intended to f i n d whether the 
p o s s i b l e mechanisms f o r p o p u l a t i o n r e g u l a t i o n suggested by W i l l i a m s 
(1973) f o r shelduck i n the Ythan E s t u a r y , were a l s o t r u e f o r 
Aberlady. 
Shelducks (Tadorna tadorna L.) a r e d i s p e r s e d around the c o a s t s 
of B r i t a i n and Europe i n a number of d i s c r e t e p o p u l a t i o n s 
( A t k i n s o n - W i l l e s 1963)* Although shelduck are i n c r e a s i n g on a 
n a t i o n a l s c a l e (Parslow 1967-68) long e s t a b l i s h e d p o p u l a t i o n s may 
have reached a maximum s u s t a i n a b l e number, o f f e r i n g o p p o r t u n i t i e s f o r 
stu d y i n g n a t u r a l population p r o c e s s e s i n the Anatidae, on which u n t i l 
r e c e n t l y , t h e r e have been few long term s t u d i e s . 
" The d i s t r i b u t i o n of shelduck along the c o a s t o f the F i r t h o f 
F o r t h has remained r e l a t i v e l y c o n s t a n t f o r the l a s t kO y e a r s and a 
s e r i e s of counts during the p e r i o d 1961-71 over the whole o f the 
f i r t h , showed s t a b i l i t y i n numbers a t a l l times of the ye a r 
( J e n k i n s 1972). Shelduck are numerous around the F o r t h a r e a on muddy 
e s t u a r i e s and few shelduck a r e found on the mainly sandy o r rocky 
EE 
a r e a s between the e s t u a r i e s . The main breeding a r e a s a r e around 
Aberlady Bay, the R i v e r Almond, the R i v e r Tyne and the upper F o r t h 
between Grangemouth and T u l l i a l l a n ( J e n k i n s e t a l . 1975)* Shelduck 
found along the c o a s t between North Berwick and Edinburgh during 
the breeding season, w i n t e r a t Aberlady Bay along w i t h i t s r e s i d e n t 
p o p u l a t i o n and n e a r l y a l l c o a s t a l breeders b r i n g t h e i r d u c k l i n g s t o 
the bay ( J e n k i n s e t a l . 1975). 
Shelduck p o p u l a t i o n s have p r e v i o u s l y been s t u d i e d by Young 
(1964, 1965, 1970a,b) and W i l l i a m s (1973) a t the R i v e r Ythan, Hori 
(1964a,b, 1965, 1969) around the I s l e of Sheppey i n the Thames 
E s t u a r y and J e n k i n s e t a l , (1975) a t Aberlady Bay. Although the 
b i r d s behaviour wa6 s i m i l a r i n o u t l i n e a t a l l a r e a s c e r t a i n d i f f e r e n c e s 
e x i s t e d between the p o p u l a t i o n s . 
Both Aberlady Bay and the Ythan E s t u a r y a r e much f u r t h e r n o r t h 
than Sheppey. Sheppey may support up to 1,800 shelduck during w i n t e r 
( H o r i 1964), compared w i t h between 110-140 a t Aberlady ( J e n k i n s e t a l . 
1975) and 20-30 a t the Ythan ( W i l l i a m s 1973). At Aberlady and Sheppey 
mA p i A ! I > A ! / t-t rnrtf ^-wir-, -f TT-, 4-Kn-! -p: »S.-M?^ +• i r r a f :. s i r s V.-,r H r t 4 ~ • „ . u i a t . f i S a 
a t the Ythan they continue to a r r i v e u n t i l A p r i l . At Sheppey the 
m a j o r i t y of breeding b i r d s feed on f r e s h w a t e r f l e e t s i n grazed marshes 
and n e s t i n hollow t r e e s , h a y s t a c k s and farm b u i l d i n g s i n c l o s e 
p r o x i m i t y to man ( H o r i 1964). However a t the Ythan, b i r d s remain 
throughout the breeding season i n the muddy e s t u a r y and n e s t mainly 
i n r a b b i t burrows along the dunes ( P a t t e r s o n 1974). 
1.2 THE ANNUAL CYCLE OF SHELDUCKS AT ABERLADY 
J e n k i n s e t a l . summarised the annual c y c l e of shelduck a t 
Aberlady a s f o l l o w s : 
Most a d u l t s l e a v e the bay i n J u l y and August and presumably 
moult w i t h o t h e r European shelduck i n the H e l i g o l a n d Bight i n West 
Germany ( c f . Goethe 1957). The f i r s t b i r d s r e t u r n during September. 
Adul t s a r e u s u a l l y seen i n p a i r s throughout the y e a r , except f o r a 
few unmated dr a k e s . F i r s t year b i r d s u s u a l l y make up l e 6 S than 
5% of the population and a r e e i t h e r p a i r e d w i t h a d u l t s or remain 
s o l i t a r y . U n t i l e a r l y February, b i r d s occur i n one or more f l o c k s , 
o f t e n on the sandy a r e a s of the bay. From mid-February, t h e s e 
f l o c k s g r a d u a l l y break up i n t o s c a t t e r e d p a i r s i n c o n j u n c t i o n w i t h 
an i n c r e a s e i n d i s p l a y and a g g r e s s i o n , e s p e c i a l l y between d r a k e s . 
From A p r i l onwards these s e p a r a t e p a i r s occupy the whole of the 
muddy p a r t s of Aberlady Bay a t low t i d e and 1-3 p a i r s move up the 
P e f f e r Burn. 
Areas where p a i r s were seen r e g u l a r l y a t low t i d e were c a l l e d 
t e r r i t o r i e s by J e n k i n s et a l . (1975). Such feeding a r e a s were f i r s t 
termed t e r r i t o r i e s by Hori (196*0 who concluded t h a t the high l e v e l s 
of a g g r e s s i o n (both i n t e r s e c i f i c and i n t r a s e c i f i c ) d i s p l a y e d by the 
occupants, together with the repeated use of l o c a l i s e d f e e d i n g a r e a s , 
s a t i s f i e d Nobles' (1939) d e f i n i t i o n of a t e r r i t o r y a s "any defended 
a r e a " . These a r e a s a t Aberlady c o n t r a s t e d with so c a l l e d " n e u t r a l 
a r e a s " on which b i r d s had l e s s narrowly d e f i n e d feeding a r e a s and 
where f e e d i n g i n f l o c k s s t i l l occured. I n the e a r l y morning, from 
l a t e February onwards, p a i r s l e f t t he bay t o prospect f o r n e s t 
burrows mainly i n G u l l a n e L i n k s and Dunes, but a l s o i n b a l e s t a c k s up 
to 6 km i n l a n d . C o p u l a t i o n W.HS recorded from e a r l y March to the end 
of May and eggs were l a i d from m i d - A p r i l . While females were 
i n c u b a t i n g the males u s u a l l y remained on t h e i r t e r r i t o r i e s . The 
f i r s t d u c k l i n g s were seen from the end of May and fledged i n about 
e i g h t weeks. 
1.3 SOCIAL ORGANISATION WITHIN SI1ELDUCK POPULATIONS 
J e n k i n s e t a l . (1975) p o s t u l a t e d t h a t shelduoks belonging t o the 
population c e n t r e d a t Aberlady Bay, could be c l a s s i f i e d i n t o d i f f e r e n t 
s o c i a l groups. He d i s t i n g u i s h e d b i r d s present only i n w i n t e r but not 
i n s p r i n g ( t r a n s i e n t s ) from o t h e r s which are p r e s e n t i n s p r i n g , e i t h e r 
a l l the time or mainly around high water ( r e s i d e n t s and commuters 
r e s p e c t i v e l y ) . These c l a s s e s could be f u r t h e r d i v i d e d as f o l l o w s : 
( a ) T r a n s i e n t s i n t o : -
( i ) b i r d s seen only 1-2 days i n w i n t e r ( J a n u a r y 
to March). 
( i i ) w i n t e r i n g b i r d s seen 2-4 months from November 
to March, but not between A p r i l to J u l y 
( t h e breeding s e a s o n ) . 
(b) Residents/Commuters i n t o ; -
( i ) n o n - t e r r i t o r i a l b i r d s seen i n w i n t e r and 
a l s o i n s p r i n g , but t h e r e a f t e r u s u a l l y only 
seen around high water or on n e u t r a l ground 
and not on t e r r i t o r i e s , 
( i i ) t e r r i t o r i a l b i r d s seen i n w i n t e r and a l s o i n 
s p r i n g around low water on t e r r i t o r i e s or on 
breeding a r e a s as w e l l a s around high water. 
J e n k i n s ' main h y p o t h e s i s about the r e g u l a t i o n of numbers of 
shelducks on the bay was a s f o l l o w s : 
( a ) t h a t the amount of mud i n the bay i s f a i r l y c o n s t a n t 
and w i t h i t the number of f e e d i n g p l a c e s . 
(b) t h a t t h e r e are d a i l y peaks of a v a i l a b i l i t y of food 
when t h e r e i s the r i g h t depth of water over f o o d - r i c h 
mud, and only then can the b i r d s feed r e a l l y e f f i c i e n t l y . 
( c ) t h a t competition f o r feeding space a t a good p l a c e a t 
the main feeding time, s e t s a maximum t o the number of 
r e s i d e n t b i r d s i n the bay, w i t h competition o c c u r i n g 
through a g g r e s s i v e i n t e r a c t i o n s . 
(d) t h a t i n January these i n t e r a c t i o n s a r e a t a r e l a t i v e l y 
low l e v e l , u s u a l l y s t r o n g enough to exclude p o t e n t i a l 
c o l o n i s t s above a c e i l i n g p o p u l a t i o n , but a l l o w i n g 
r e s i d e n t s to feed on the r i c h mud a r e a . From February 
onwards, i n t e r a c t i o n s become more pronounced around 
feeding time so t h a t a t low water the l e s s dominant 
b i r d s a r e excluded from the mud. 
( e ) t h a t a t f i r s t t hese more submissive b i r d s r e t u r n e d 
around high t i d e to feed on b i o l o g i c a l l y poorer a r e a s 
where com p e t i t i o n f o r food was not so f i e r c e . But a s 
the a g g r e s s i v e l e v e l of the dominant r e s i d e n t s c o n t i n u e s 
to i n c r e a s e through March-April and t h e s e b i r d s d i s p e r s e 
i n t e r r i t o r i e s over the whole of the i n n e r bay, 
i n c l u d i n g the s i l t as w e l l a s the mud, the submissive 
r e s i d e n t s a r e e v e n t u a l l y excluded from the s i l t a s w e l l . 
They are then c o n f i n e d to n e u t r a l a r e a s or l e a v e the 
bay a l t o g e t h e r . Whether they s t a y may depend on whether 
a l t e r n a t i v e f e e d i n g a r e a s a r e a v a i l a b l e . 
T h i s h y p o t h e s i s r e q u i r e s the e x i s t e n c e of a dominance h i e r a r c h y 
s i m i l a r to C a r r i c k ' s (1972) d e s c r i p t i o n of h i e r a r c h i e s i n Royal Penguins 
(Kudyptes chrysolophus s c h l e g e l i F i n s c h ) and s i l v e r g u l l ( L a r u s 
n o t a c h o l l a n d i a e S t e p h e n s ) . I n these s p e c i e B the i n d i v i d u a l s t h a t f 
~~~~~ ~ i 
fed best a l s o bred best and feeding dominance and an e f f i c i e n t 
time-energy budget were e s s e n t i a l pre-determinants of breeding s t a t u s 
and s u c c e s s f u l competition f o r good breeding s i t e s . Changes i n 
s o c i a l p o s i t i o n ( i . e . from t r a n s i e n t to n o n - t e r r i t o r i a l to breeder 
or v i c e v e r s a ) of an i n d i v i d u a l shelduck between ( o r w i t h i n ) y e a r s , 
should, t h e r e f o r e , be c o r r e l a t e d w i t h changes i n the b i r d ' s ( o r i t s 
mate's) p o s i t i o n i n the dominance h i e r a r c h y . 
Young (196*0 suggested a c l a s s i f i c o t i o n of shelduck t y p e s on the 
Ythan E s t u a r y during the breeding season, s i m i l a r to t h a t of J e n k i n s 
a t Aberlady. He proposed the Ythan P o p u l a t i o n could be d i v i d e d i n t o 
two components: 
( a ) t e r r i t o r i a l p a i r s which occupied d i s c r e t e and mutually 
e x c l u s i v e a r e a s of the i n t e r t i c i a l zone ( s i m i l a r to b ( i i ) 
of J e n k i n s ) . 
(b) a s u r p l u s f l o c k excluded from the a r e a s occupied by 
t e r r i t o r i a l p a i r s ( s i m i l a r to b ( i ) of J e n k i n s ) . 
The numbers of p a i r s holding t e r r i t o r i e s remained r e l a t i v e l y 
c o n s t a n t from year to year i n both the Ythan p o p u l a t i o n (Young 196^, 
Wi l l i a m s 1973) and a t Aberlady ( J e n k i n s et a l . 1975)• Young claimed 
t h a t i f t e r r i t o r y h o l d e r s were removed, t h e i r v acated a r e a s were 
q u i c k l y occupied by members of the s u r p l u s f l o c k . H i s f i n d i n g s were 
c r i t i c i s e d by W i l l i a m s (1973) who s a i d t h a t Young had only shown 
t h i s to occur during A p r i l , before a l l the p o s s i b l e t e r r i t o r y s i t e s 
could have been occupied ( s i n c e some b i r d s d i d not a r r i v e u n t i l t h e n ) . 
When Wi l l i a m s repeated t h i s experiment during May t h e r e was no 
replacement of m i s s i n g t e r r i t o r i a l p a i r s . Young a l s o suggested the 
constancy i n the number of t e r r i t o r i e s was i n d i c a t i v e of the Ythan 
E s t u a r y being f u l l y u t i l i s e d by shelduck and concluded the breeding 
population was l i m i t e d by t e r r i t o r i a l behaviour. However, W i l l i a m s 
(1973) argued t h a t t e r r i t o r i a l behaviour had not been shown to l i m i t 
breeding output i n the Ythan siielduck p o p u l a t i o n and suggested the 
t h r e e main f a c t o r s a f f e c t i n g output were nest f a i l u r e , high d u c k l i n g 
m o r t a l i t y and l o s s e s from f l e d g i n g to the time of r e c r u i t m e n t i n t o 
the breeding p o p u l a t i o n . To maintain the breeding p o p u l a t i o n a t i t s 
r e l a t i v e l y constant l e v e l , he suggested t h a t t h e r e must have been 
re c r u i t m e n t from b i r d s r e a r e d elsewhere. P a t t e r s o n (unpublished i n 
W i l l i a m s 1973) showed t h a t f i r s t y e a r b i r d s and f a i l e d b r e e d e r s 
prospected f o r n e s t burrows i n the dunes and may induce d e s e r t i o n of 
n e s t s . 
A l a r g e p r o p o r t i o n of shelducks may f a i l to breed or l o s e t h e i r 
eggs (Boase 1935) and the p r o p o r t i o n of s h e l d u c k s t h a t breed i s s t i l l 
c o n t r o v e r s i a l . Hori (1964) s t a t e d t h a t a l l a d u l t s present during the 
breeding season attempted to breed. However, Young (1964), W i l l i a m s 
(1973) and J e n k i n s et al« (1975) claimed t h a t some a d u l t s , i n the 
n o n - t e r r i t o r i a l f l o c k , d i d not attempt to breed, though Tompa 
(unpublished i n W i l l i a m s 1973) d i s a g r e e d . 
To examine the v a l i d i t y of the above i d e a s , I s t u d i e d the 
breeding beliaviour and r e p r o d u c t i v e output of a s many she l d u c k s a s 
p o s s i b l e on Aberludy Bay during the 1976 breeding season. Because 
many b i r d s were i n d i v i d u a l l y c o l o u r - r i n g e d , i t was p o s s i b l e to t r a c e 
t h e i r past h i s t o r y , t h e i r feeding s i t e s on the bay, and i n some c a s e s 
t h e i r r e p r o d u c t i v e performance i n p r e v i o u s y e a r s . 
MATEHI.-.Lo AND METHODS 
2.1 STUDY AREA 
Aberlady Bay ( F i g u r e I ) i s the t i d a l e s t u a r y of the P e f f e r 
Bum which flows north-west i n t o the F i r t h of F o r t h , about 20 km 
e a s t of Edinburgh. The e s t u a r y ( F i g u r e I I ) i s 2 . 8 km long and up to 
2 . 7 km wide. The upper e s t u a r y i s muddy and holds some mussel 
( M y t i l u s e d u l i s ) beds, but near the sea the sediments a r e mostly 
sand. The i n n e r shores a r e bounded by s a l t marsh, p a r t i c u l a r l y on 
the north s i d e where the marsh i s e x t e n s i v e . To the west and e a s t 
the c o a s t i s rocky or sandy with l i t t l e mud. Roads and t r a c k s run 
c l o s e to the shore along the e n t i r e l e n g t h , so a l l p a r t s of the a r e a 
can be observed e a s i l y . On the north s i d e of the e s t u a r y i s Aberlady 
Nature Reserve, an a r e a of dunes, s a l t marsh and c a l c a r e o u s g r a s s l a n d s . 
The dune system, on the seaward edge of the r e s e r v e , i s composed of 
two major r i d g e s running p a r a l l e l to the c o a s t from Qullane P o i n t 
to the mouth of the e s t u a r y . The seaward edge of the dunes i s mobile 
and s p a r s e l y covered with maram g r a s s (Ammophilia a r e n a r i a ) . Towards 
the e a s t t h i s g r a d u a l l y changes to f l a t u a l e areous g r a s s l a n d s , w i t h 
s e v e r a l stands of s e a buckthorn (Hippophae rhamnoids). The whole 
r e s e r v e i s completely s e p a r a t e d from surrounding a g r i c u l t u r a l l a n d 
by g o l f c o u r s e s , which on the n o r t h s i d e r i s e up on a r i d g e t o 70 m 
above sea l e v e l . R a b b i t s ( O r y c t o l a g u s c u n i c u l u s ) were abundant i n a l l 
a r e a s and t h e i r burrows provided most of the shelduck n e s t i n g s i t e s . 
Temporary and permanent pools occur i n many of the dune v a l l e y s . 
To the e a s t of the e s t u a r y l i e s mixed farmland which holds a few 
s c a t t e r e d p a i r s of n e s t i n g shelduck, e s p e c i a l l y a t Drem P o o l s , two 
ponds dug f o r i r r i g a t i o n purposes. 
2 . 2 COUNTS 
Counts of the numbers of shelduck on the bay were made wi t h a 
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15-60x telescope and 10 x 50 binoculars from the positions shown i n 
Figure I I I . There was l i t t l e chance of ommissions or duplications 
because birds were not flushed and because nearly a l l parts of the 
bay could be seen w i t h i n a few minutes. Counts were usually done twice 
on each occasion and varied by not more than 1C#. Numbers on the 
"mud" and "sand" were counted separately using an a r b i t r a r y d ividing 
l i n e between Kilspindie House and the sewage plant on the nature 
reserve (Figure I I I ) . More detailed counts of the number of shelduck 
i n d i f f e r e n t parts of the bay were made using the areas shown i n 
Figure IV. A l l counts were made wi t h i n two hours of low water and 
during the afternoon, as some birds tended to remain i n the dunes 
u n t i l late morning i f not disturbed. 
Aberlady was a popular place f o r b i r d watching at weekends but 
not much disturbed during the week. Disturbance caused the birds 
to move about w i t h i n the bay. Consequently, weekend counts are 
omitted from analysis of the dispersion of birds w i t h i n the bay. 
After the end of May, when the f i r s t ducklings were brought onto 
the bay, counts were made of t h e i r numbers each day. Ducklings were 
also divided i n t o the following age classes: 
CLASS I Downy, newly hatched ducklings, down patterns 
bright and d i s t i n c t . 
CLASS I I Down colour fading and patterns becoming 
less d i s t i n c t . F i r s t feathers appear. 
CLASS I I I Face loses down cover. Predominantly feathered 
but incapable of f l i g h t . 
CLASS IV Young able to f l y . 
This c l a s s i f i c a t i o n i s based on that used by Williams (1973) and i s 
equivalent to his Classes I , I I and I I I , IV, V respectively. His 
Classes I I and I I I were amalgamated to form Class I I i n t h i s study, 
because I found I could not separate them r e l i a b l y , due p a r t l y t o 
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inexperience and p a r t l y to poor v i s a b i l i t y during hot weather. 
2.3 MASKING BIRDS 
To enable i d e n t i f i c a t i o n of in d i v i d u a l birds a proportion of 
the population had been colour-ringed. Some adults had been ringed 
as ducklings before fledging, others caught i n early spring. 
(Ducklings were caught en masse i n July, a f t e r they had been herded 
i n t o an area surrounded by rabbit nets). 
2 A STUDY OF SHELDUCK B2HAVI0UR 
When colour-ringed birds were i d e n t i f i e d , t h e i r position and 
a c t i v i t y were recorded on a map of the bay. P l o t t i n g was aided by a 
2 
100. x 100 m g r i d staked out on the bay. Similar data were available 
from previous year6. 
The feeding ranges of i n d i v i d u a l pairs of shelduck were determined 
by p l o t t i n g the location of the pair w i t h i n two hours of high water on 
a map. The outermost points of the range were then connected forming 
a polygon, whose area was said to be the range of that pa i r . 
Observations of iiestiiig behaviour were wa.de using a 15—60x 
telescope, either from the natural coyer of the dunes or from a 
portable hide. Sixty-one a r t i f i c i a l nest burrows were placed i n the 
study area (Figure V). Figure VI shows the general design of the 
a r t i f i c i a l burrows, though' there was some v a r i a b i l i t y between boxes, 
e.g. the entrance did not always lead d i r e c t l y to the nest chamber* 
Boxes were checked regularly f o r the onset of laying when the following 
information was collected: 
1. Time of laying (date and time during day). 
2. Weight, length and maximum breadth of each egg. 
3. I d e n t i t y of laying duck. 
km General a c t i v i t i e s associated with nest bu i l d i n g . 
3. Length of incubation. 
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6. Hatching success and the amount of time spent i n 
the nest by ducklings before being taken to the bay. 
Natural nests were found by continuous observation, watching 
for males escorting females back to the nest burrow. The presence of 
down or webbed foot marks at a burrow entrance also indicated a nest 
burrow i n use, though i t was not p o s i t i v e l y i d e n t i f i e d as such unless 
a female was seen to enter, preferably more than once. 
2.5 NEST SITE SELECTION 
Once found, nest s i t e s were compared to i d e n t i f y possible fnctors 
influencing nest s i t e selection. These were as follows: 
1. Aspect 
(a) Direction faced by burrow entrance 
(b) The degree of slope surrounding the burrow 
(Figure V I I ) . 
(c) General cover i . e . was i t a ridged area where 
the birds could disappear from view before entering 
the burrow? 
2. Description of burrow 
(a) Amount of cover around nest entrance. This was 
graded from + to +++ (Plates I - I I I ) . 
(b) General dimensions of the burrow. 
(c) Number of possible entrances. 
3. Distance of nest from feeding area. 
2.6 FOOD AVAILABILITY 
Shelduck are known to eat a variety of invertebrates including 
Hydrobia ulvae (Olney 1965). The d i s t r i b u t i o n s of invertebrates 
were assessed on the bay by means of a 100 x 100 m gr i d sampling 
system, Bhown i n Figure V I I I . Two 1 km^ samples were taken at each 
point of the g r i d . Samples were~~t"hen sieved using a 1 mm mesh sieve and 
the animals so retained were returned to the laboratory f o r sorting and 
counting. 
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TABLE I . i - a r l i a m e n t s i t e s a t which known b i r d s were s e e n 
Where a n e l d u c k were s e e n a t more t h a n one s i t e * marks 
t h e i r main p a r l i a m e n t s i t e . 
B i r d P a r l i a m e n t S i t e 
No. 1 2 3 k 5 
823 + 
827 + 
8U0 + 
875 + 
877 + * + 
879 + * + 
882 + 
893/967 + 
898 + 
finq/Qnii + * + 
911 + 
925 + 
928 + 
929 + .. 
952 + 
957 + 
309 + 
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M E T R E S 
T H E POSITION OF NESTS ( • ] AND 
WHERE KNOWN, THE POSITION OF 
THE OCCUPANT'S FEEDING AREA ( • 
3.1 HOW DO SHELDUCKS CMOG3E THEIR NEST S I T E 
From l a t e February onwards p a i r s of shelduck l e a v e the bay e a r l y 
i n the morning to prospect f o r n e s t burrows, mainly i n G u l l a n e L i n k s 
and Dunes ( J e n k i n s e t a l , 1975)* My o b s e r v a t i o n s i n the dunes from 
mid - A p r i l to mid-May showed b i r d s to congregate r e g u l a r l y i n groups 
of up to 17 i n c e r t a i n p l a c e s . Young (1970) c a l l e d s i m i l a r groups, 
found i n the Sands of i'ovie, ' p a r l i a m e n t s ' . T h e i r d i s t r i b u t i o n a t 
Aberlady i s shown i n Vigure I I . B i r d s were seen i n other a r e a s but 
u s u a l l y i n s m a l l e r numbers. P r o s p e c t i n g f o r nest s i t e s was seen to 
occur e i t h e r i n groups, where b i r d s would sometimes 'queue up' to 
i n s p e c t a p o s s i b l e nest s i t e , or i n s i n g l e p a i r s . 
B i r d s were seen r e g u l a r l y a t the same parliament s i t e and the 
occurrence of. p a r t i c u l a r b i r d s a r e shown i n T a b l e I . F u r t h e r comparison 
shows t h a t b i r d s seen a t the same parliament s i t e had feeding a r e a s 
near to e.-^ ch other i n the bay ( F i g u r e X ) . Also, i n g e n e r a l , b i r d s 
seen a t parliament s i t e s i n the southern p a r t of the dunes or e a s t of 
t h i s are-i fed f u r t h e r i n t o the bay than b i r d s found i n the nort h e r n 
pa r t of the dunes. B i r d s alao nested near t h e i r parliament s i t e , 
d i s t a n c e s v a r y i n g between ^nd 1,29B m with a mean of 122+72 m. 
The r e g u l a r use of a parliament s i t e by an i n d i v i d u a l b i r d has ,• 
a l s o been observed by l i o r i (196*0 a t the I s l e of Sheppey and Young (1970) 
a t the Ythan E s t u a r y , i i o r i c a l l e d h i s groups o f b i r d s 'communes' and 
claimed t h a t the a s s o c i a t i o n between groups of p a i r s could p e r s i s t 
throughout i n c u b a t i o n . A l s o , a s a t Aberlady, Mori s t a t e d t h a t p a i r s 
forming each 'commune' had neighbouring feeding a r e a s . 
F i g u r e X I shows the p o s i t i o n of n e s t s i n the study a r e a and where 
known the p o s i t i o n o f t h e i r owner's feeding a r e a i n the bay ( o r elsewhere) 
T h i s suggests t h a t the p o s i t i o n o f the feeding a r e a i n the bay a f f e c t s 
the choice of n e s t i n g a r e a , the f u r t h e r out i n the bay a b i r d f e e d s , 
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the more l i k e l y i t i s to nest i n the dunes. T h i s r e s u l t s i n b i r d s 
feeding w e l l i n t o the bay having s h o r t e r d i s t a n c e s to t r a v e l between 
nest and feeding a r e a (Table I I ) . As the p o s i t i o n of a p a i r s 
parliament s i t e appears to a f f e c t t h e i r c h o i c e of nest s i t e the above 
e f f e c t may be secondary. 
W i l l i a m s (1973) suggested i n t r a s p e c i f i c d i s t u r b a n c e a t nest 
s i t e s may be an important f a c t c r c o n t r o l l i n g the number of s u c c e s s f u l 
breeding b i r d s a t the Ythan. I f t h i s shown to be an important f a c t o r a t 
Aberlady, then b i r d s n e s t i n g i n the dunes would probably be a t a 
disadvantage, a s the m a j o r i t y of shelduck moving i n l a n d during the morning 
c o l l e c t i n t h i s a r e a and dis t u r b a n c e would seem more l i k e l y to oc c u r 
here than elsewhere, - t would appear, t h e r e f o r e , t h a t the p o s i t i o n of 
feeding a r e a s may have o f t e n important consequences f o r a p a i r of 
breeding shelduck a p a r t from the amount of food a v a i l a b l e . 
3.2 LiUwS ... CHANGE I h rViEDIIIG <,IiEA BETWfcKN YEARS RESULT IN k CHANGE OF 
NEST S I T E ? 
Armstrong, , , 
By usin£ unpublished data from /\ ^197^ and S u t h e r l a n d , Court 
and Wood (p.con) i t i s p o s s i b l e to show the p o s i t i o n of feeding a r e a and 
nest s i t e f o r p a i r s of shelduck i n d i f f e r e n t y e a r s . B i r d no. 811 has 
nested near the sewage works f o r the l a s t t h r e e y e a r s and comparison 
w i t h the p a i r ' s f e e d i n g a r e a during t h i s period shows t h a t although i t 
moved s l i g h t l y each year the g e n e r a l p o s i t i o n of the b i r d i n the bay 
has not changed ^Figur e X I I ) . 
B i r d no. 911 nested i n Watt's Bank i n 1971* and fed near the o l d 
road ( F i g u r e X I I ) , whereas i n 1976 i t fed near Sea Ureen and nested 
near the sewa ;e works. The r e f o r e , a s would be expected from the 
hypo t h e s i s put forward i n S e c t i o n 3«1, a movement of feeding a r e a 
towards the mouth of the bay r e s u l t e d i n a movement of nest s i t e 
towards the dunes. 
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B i r d no. 811, by n e s t i n g i n the same ar e a f o r t h r e e y e a r s , 
could merely be showing a high degree of nest s i t e f i d e l i t y , r a t h e r 
than m a i n t a i n i n g ne:3t p o s i t i o n i n r e l a t i o n to i t s feeding a r e a . 
Hori (1969) showed remarkable examples of n e s t s i t e f i d e l i t y by 
shelduck at the I s l e of Shepoey, and work on other hole n e s t i n g 
ducks has shown s i m i l a r tendencies ( d i r e n 1957; ^ 6 k i n s 1961; 
i i e l l r o s e ejt a l . ViSk). 
B i r d no. 882's feeding - i r e a was near the mouth of the bay i n 
1975 and i s presumed not to h;ive bred (Court and '.vood ,-> Cjm). I n 1976 
t h i s p a i r ' s f e e d ing a r e a had moved much f u r t h e r i n t o the bay 
( F i g u r e X I I ) . However, they nested i n the dunes r a t h e r than e a s t of 
Crossed Fairways as would h?ive been expected. S i m i l a r l y b i r d no. 877 
attempted to breed ( u n s u c c e s s f u l l y ) i n 19?6 and chose a nest s i t e i n 
the dunes, though the p a i r s feeding a r e a was w e l l up the bay 
( F i g u r e X I ) . However, t h i s b i r d was seen p r o s p e c t i n g e a s t of the 
V.et S l a c k suggesting some attempt had been made to nest o u t s i d e the 
dune system. 
J e n k i n s et a l . (1975) showed evidence f o r a shortage of nest s i t e s 
e a s t of Crossed F a i r w a y s but not i n the dunes. I t i s p o s s i b l e , t h e r e f o r e , 
that some intr.v.specific competition f o r nest s i t e s may have occurred e a s t 
of Crossed F a i r w a y s , and as i n e x p e r i e n c e d breeders, both 8?7 and 882 
f a i l e d to e s t a b l i s h n e s t s i n t h i s a r e a . 
Data are sparse a t present and more i n f o r m a t i o n concerning f e e d i n g 
a r e a s and nest s i t e s a r e r e q u i r e d , e s p e c i a l l y f o r b i r d s that move t h e i r 
feeding a r e a s between y e a r s . 
3.3 WHAT I S \.-iiOU\ .• ITxi THli B O A ^ S ? 
During the breeding season i n 19?6 only out of the 61 a r t i f i c i a l 
n e s t burrows were used. To t r y to i d e n t i f y p o s s i b l e reasons f o r the 
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ENTRANCE 
1-7 m 
TO REST 
OF 
WARREN 
NEST 
CHAMBER 
0-6m 
ALTERNATIVE 
ENTRANCE 
FIGURE X.1H. A p l a n v i e w of one o f the n a t u r a l 
n e s t s found a t A h e r l a d y i n 1976. 
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s p a r s e use, data were c o l l e c t e d from n a t u r a l nest s i t e s to d i s c o v e r 
p o s s i b l e f a c t o r s a f f e c t i n g nest s i t e s e l e c t i o n . These are summarised 
i n Table I I I . 
Most n a t u r a l n e s t s were found i n G u l l a n e Dunes and L i n k s , and 
only one i n l a n d ( i n a h a y s t a c k ) . By n e t ; t i n g i n the dunes most b i r d s had 
some cover while appro--chin,-; the n e s t , s i n c e they could f l y behind a 
dune r i d g e , before reechinr; the nest e n t r a n c e . The amount of cover 
around the nest entrance a l s o seemed important, 80?o of n a t u r a l n e s t 
e n t r a n c e s having cover v a l u e s of ++ or +++ ( s e e P l a t e s I - I I I ) . I n an 
extreme c a s e , one b i r d used a burrow w e l l covered by a w i l d rose bush 
(kosaceae sp.) and brambles (..ubus f r u c t i o c o s u s ) . Another b i r d 
p r e f e r r e d a dense cover of Hosebay (Chamnaenon a g u s t i f o l i u m ) . 76$ of 
nest burrows were on some degree of s l o p e (Grades 2-3 i n F i g u r e V I I ) , 
some b i r d s n e s t i n g near the top of dune r i d g e s (approximately 10 m h i g h ) . 
However most r a b b i t burrows occurred on s l o p e s . Kase of e n t r y could be 
an important f a c t o r i n nest s i t e s e l e c t i o n , females sometimes f l y i n g i n t o 
the burrow on t h e i r r e t u r n . 
During o b s e r v a t i o n s of n a t u r a l n e s t s i t was found t h a t shelduck 
g e n e r a l l y used only one e n t r a n c e . Two e n t r a n c e s used by b i r d no. 82? 
were l a t e r shown to j o i n j u s t underneath the s u r f a c e . On c l o s e r examination 
of n e s t burrows, most were found to have two t u n n e l s l e a d i n g from the 
nest chamber and u s u a l l y more than one p o s s i b l e e x i t ( F i g u r e X I I I ) . I n 
33?- of n a t u r a l n e s t s the a l t e r n a t i v e e x i t was found to be a s m a l l opening 
not l a r g e enough f o r a shelduck to pass through, though f e a t h e r s were 
found around some, i n d i c a t i n g a shelduck had p o s s i b l y attempted to use 
one to l e a v e the burrow. 
?1'/t of nest e n t r a n c e s faced w i t h i n the f i r s t 180° of the compass 
between north and south ( t h e d i r e c t i o n of the bay from the n e s t ) and 
may i n d i c a t e a p o s s i b l e p r e f e r a n c e f o r an e a s t e r l y f a c i n g e x i t . 
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(No data are a v a i l a b l e on the d i r e c t i o n f a c e d by r a b b i t burrows). 
Nest chambers were always more than a metre from the nest e n t r a n c e , 
the f a r t h e s t being 2.h m. Depth of s o i l over the chamber was 
u s u a l l y g r e a t e r than 20 cm and probably s i g n i f i c a n t l y deeper i n 
burrows e n t e r i n g a s l o p e . ( C o l l a p s e of burrows while digging them 
out prevented measurement of most nest chambers and some burrows were 
too deep to d i g out without damaging the dune f l o r a ) . The v e g e t a t i o n 
surrounding the nest s i t e was u s u a l l y a mixture of maram and g r a s s 
(57/i of burrows), l'o n e s t s were found i n the f l a t t e r more exposed 
a r e a s of the dunes dominated by l i c h e n s and mosses. Sand was found 
a t burrow ent r a n c e s i n a l l but one case and may h e l p the b i r d to 
i d e n t i f y the p o s i t i o n of the nest from the a i r . 
'••est boxes did not s a t i s f y most of the c r i t e r i a t h a t seem to 
be r e q u i r e d f o r a good nest s i t e . G e n e r a l cover was good only f o r the 
boxes i n the dunes. However, l o c a l cover i n a l l the boxes was poor, 
only 10 out of the 61 boxes having nest entrance cover v a l u e s g r e a t e r 
than +, and k out of these 10 hhd n e s t s i n them. Perhaps the most 
important f e a t u r e m i s s i n g from the nest boxes was the complexity of 
the t u n n e l system l e a d i n g to the nest chamber. T h i s could be i n terms 
of the number of e n t r a n c e s to the system as a whole, though t h i s seems 
u n l i k e l y as b i r d s were only seen to use one entrance and some of the 
a l t e r n a t i v e e n t r a n c e s were too s m a l l f o r shelduck to pass through. 
Hori (196*0 suggested t h a t i n c u b a t i n g females used an escape t u n n e l to 
hide i n when danger th r e a t e n e d . V a r i o u s o b s e r v a t i o n s a t n a t u r a l n e s t s 
and nest boxes a t Aberlady supported t h i s t h e ory. One female 
(th e mate of b i r d no. 8?3) was extremely t i m i d and flew out of the 
nest merely at the approach of a human o b s e r v e r . However, i n a d i f f e r e n t 
box where r a b b i t s had dug out a new t u n n e l l e a d i n g from the entrance 
t u n n e l , the female t h e r e (no. 811) was d i f f i c u l t to d i s t u r b , u s u a l l y 
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h i d i n g i n the tunnel while the eggs were being i n s p e c t e d . B i r d s i n 
n a t u r a l n e s t s were r a r e l y f r i g h t e n e d o f f the n e s t s , except i n two 
c a s e s . Both these b i r d s had very simple tunnel systems l e a d i n g to 
t h e i r nest chamber, one j u s t being a s t r a i g h t t u nnel with the nest 
chamber i n i t . 
'•nother p o s s i b l e f a c t o r a f f e c t i n g choice of nest s i t e i s the 
depth of the chamber below the s u r f a c e , u s u a l l y being g r e a t e r than 
20 cm i n n a t u r a l n e s t s . The boxes a r e a t most 20 cm below the s u r f a c e 
r e s u l t i n g i n poor ' i n s u l a t i o n ' from o u t s i d e d i s t u r b a n c e , both from the 
weather and p h y s i c a l d i s t u r b a n c e . A f t e r heavy r a i n water probably 
leaked i n t o the nest chamber. 
A major problem i n b u i l d i n g a r t i f i c i a l burrows i s the damage 
caused by r a b b i t s o u t s i d e the breeding season. T h e i r new t u n n e l s 
l e a d i n g o f f the a r t i f i c i a l burrows may r e s u l t i n shelduck u s i n g these 
and f i n d i n g a n a t u r a l nest chamber r a t h e r than the a r t i f i c i a l one. 
To help to prevent t h i s , nest boxes were l i n e d w i t h c h i c k e n wire and 
r-.V.C. or r o o f i n g f e l t , a l l of which may make the nest boxes too 
u n a t u r a l . 
a new nest box should be designed i n c o r p o r a t i n g the f o l l o w i n g 
f e a t u r e s : 
1. iit l e a s t two e x i t s from the ne s t chamber 
2. To be as deep as p o s s i b l e (though s t i l l s h a l l o w enough 
to r e a c h f o r the eggs'.) 
3. To b u i l d them rround old n e s t s l e a v i n g a s much of the 
old burrow as p o s s i b l e , e s p e c i a l l y the nest entrance 
F i g u r e XIDa shows a p o s s i b l e new design f o r an a r t i f i c i a l n e s t 
burrow. The t u n n e l could be c o n s t r u c t e d with earthenware p i p i n g which 
would be more "bu r r o w - l i k e " , a s w e l l as being l e s s s u s c e p t i b l e to 
c o l l a p s e and a l l o w i n g growth of the sward over the top of i t to make 
i t more n a t u r a l . (The tur v e s tended to dry out on top of the wooden 
boxes and ever, i f r e p l a c e d , s t i l l create'! an u n a t u r a l appearance). 
The nest chamber should be l e f t a s n a t u r a l a s p o s s i b l e and where 
p o s s i b l e should be the o r i g i n a l chamber. To c o u n t e r a c t any 
p o s s i b i l i t y of r a b b i t damage t i e tunnel e n t r a n c e s could be s e a l e d 
only opened from February to J u l y (the breeding s e a s o n ) . 
LAYING, INCUB.-.TION AMD HATCHING 
tui 
CO 
CO 
CD 
•a CO CO 
CO CO 
in < 
CO 
CO co to CO to 
CD 
CD 
CO 
CD -a 
ft T3 CO 
CO 
CO 
CO CO 
CO 
CO 
\ O 
-a CO 
-a co 
CO 
CO 
CO 
CO 
0> 
CO 
in — i 
to T3 0_ 
CO 
co 
(LI 
CO 
•a 
CD 
CO 
CO 
to 
ca CM CO co 
I I I I I I I I I I L J • » ' ' ' • ' « ' ' ' ' 
CO cn 
(— CD X O O LU 
LU u. 
5 o 
4.1 THE LAYING H^IOB 
Only four shelduck used the a r t i f i c i a l n e s t burrows during the 
study ( p o s s i b l e reasons f o r t h i s were d i s c u s s e d i n the p r e v i o u s 
c h a p t e r ) . 
F i g u r e XIV shows the p a t t e r n s of egG l a y i n g f o r each of the four 
b i r d s i n the nest boxes. The mean r a t e of egg production f o r the f o u r 
b i r d s was 0.63 eggs d , but the i n t e r v a l s between l a y i n g were 
i r r e g u l a r f o r a l l the b i r d s . rJome shelduck managed to l a y eggs on 
t h r e e consecutive days and one f o r f i v e , However o b s e r v a t i o n s of the 
time of day when each egg was l a i d shows the p r o b a b i l i t y of a l a y i n g 
rhythm g r e a t e r than 2h h egg . For example, the 6 t h , 7th and 8 t h eggs 
of b i r d no. 811 were l a i d sometime between f i r s t l i g h t and 0?00 h, 
1100 h and 1618 h r e s p e c t i v e l y , g i v i n g a time i n t e r v a l of 29 h. 
By l a y i n g the s i x t h egg e a r l y i n the morning, the b i r d was a b l e to 
l a y on three c o n s e c u t i v e days but had to miss the next day, probably 
p r e f e r i n g not to l a y at n i g h t (no b i r d s were seen to l a y l a t e r than 
1900 h ) . 79' of pg!':;s l a i d a f t e r a day w-is missed were h e a v i e r than the 
p r e v i o u s egg. Also 73. of eggs l a i d on the dny immediately f o l l o w i n g 
were l i g h t e r than the p r e v i o u s one. T h i s suggests t h a t an i n t e r v a l of 
g r e a t e r than 29 h between eggs enabled the female to produce a l a r g e r 
eSf>i p o s s i b l y with more y o l k , which would be an important f a c t o r f o r 
the s u r v i v a l of d u c k l i n g s between h a t c h i n g and t a k i n g i n t h e i r f i r s t 
food (Kear 1964). 
The most unusual l a y i n g p a t t e r n was t h a t of b i r d no. 911 • T h i s 
b i r d followed the expected rhythm f o r the f i r s t t h r e e days but then 
f a i l e d to l a y an egg f o r a f u r t h e r s i x days. No e g j s were l a i d then 
f o r four d;?ys. However, between 11th May and 15th May, t h r e e more 
eggs were l a i d and the b i r d s t a r t e d to i n c u b a t e . On the days t h i s 
female f a i l e d to l a y (2nd-6th hay and 7th-11th Kay) she was seen a t her 
feeding a r e a and was extremely g r a v i d and i t was not known i f the 
female l a i d i n another nest during t h i s p e r i o d . I t was a l s o not 
known i f she l a i d the f i n a l four eggs of the c l u t c h , although t h i s 
would seem l i k e l y a s she incubated the c l u t c h . When observed l a y i n g 
the second egg of her c l u t c h , she was seen to e n t e r the wrong burrow, 
remaining there f o r t h r e e minutes before emerging ond e v e n t u a l l y 
f i n d i n g the c o r r e c t one. T h i s mistake may have r e s u l t e d from the 
la c k of sand o u t s i d e her burrow entrance to help her to i d e n t i f y i t 
from the a i r ( s e e S e c t i o n 3.3 f o r f u r t h e r d i s c u s s i o n of t h i s i d e a ) . 
I n a l l four boxes the f i r s t eggs were l a i d on bare sand and 
covered w i t h a few p i e c e s of dead moss or marram g r a s s . The female 
s t a r t e d to cover eggs with down, two or thr e e days before completion 
of the c l u t c h . A l l c l u t c h e s had a cornplftte downy cover before the 
f i n a l egg was l a i d . Time spent i n the box while l a y i n g v a r i e d between 
25-75 min, females spending longer i n the boxes as the c l u t c h neared 
completion. T h i s may be l i n k e d i n p a r t to down s t r i p p i n g , ./eidman (1956) 
reported s i m i l a r behaviour i n i m l l a r d s and suggested th.'t s l i g h t 
warming may be needed f o r e a r l i e r eggs and a d i f f e r e n c e i n the r a t e of 
development of e a r l y and l a t e eg.^s may occur. T h i s supported by 
La u g h l i n ( p e r s . comm.) who found eggs i n a m a l l a r d ' s c l u t c h to be a t 
d i f f e r e n t s t a g e s of i n c u b a t i o n . 
Hori (196*0 s t a t e d t h a t shelduck a t Sheppey l a i d one egg each 
day, only f a i l i n g to do so due to d i s t u r b a n c e . T h i s i s u n l i k e l y to be 
the case a t Aberlady where the b i r d t h a t showed the best c o n t i n u i t y of 
egg l a y i n g was n e a r e s t to a p o s s i b l e source of d i s t u r b a n c e . (The 
p o s s i b l e e f f e c t s of food a v a i l a b i l i t y w i l l be d i s c u s s e d i n a l a t e r 
c h a p t e r ) . 
k.2 CLUTCH S I Z E 
C l u t c h s i z e (two i n n a t u r a l n e s t s , four i n boxes) v a r i e d between 
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seven and f i f t e e n givin•; a mean value of 9.3+2.1*. J e n k i n s e t a l . 
(1975) obtained a mean value of 11.7 f o r the period 1967 to 1973 a t 
Aberlady and . i o r i (196 1*) determined an average c l u t c h s i z e of 10.1 
(1962-63). 
Nest p a r a s i t i s m , both i n t r a and i n t e r s p e c i f i c , i s widespread i n 
Anntids ( . . e l l e r 196*0. ;iori (1964) was the f i r s t to r e p o r t t h i s f o r 
shelduck. M u l t i p l e n e s t s on oheppey contained between 1** and 25 eggs 
and represented 1^' of known n e s t s , . i o r i concluded t h a t c l u t c h e s of 
over 12 eggs were probably mixed. I f t h i s i s assumed to be the c a s e 
f o r Aberlady as w e l l , then the mean c l u t c h s i z e f o r t h i s study becomes 
8.2+1.1 and f o r J e n k i n s ' study i t would be 9.7. i o r i s t a t e d t h a t , 
"a prospecting female w i l l examine an incomplete c l u t c h minutely and 
the a t t r a c t i o n of sucli n nest appears to be c o n s i d e r a b l e " . The h i g h e s t 
d e n s i t i e s of b i r d s at .:-.berl:idv were seen i n the dunes and t h e r e f o r e n e s t 
p a r a s i t i s m would seem more l i k e l y to occur i n t h i s a r e a . J e n k i n s et a l , 
(1975) i n c l u d e d c l u t c n e s from the dunes when determining h i s v a l u e f o r 
mean c l u t c h s i z e ( 1 1 . 7 ) . T h i s may e x p l a i n the d i f f e r e n c e between h i s 
vr-lue anrl t-iat found f o r t h i s .study where the v a l u e was determined o n l y 
from n e s t s o u t s i d e the dune a r e a . 
/in a l t e r n a t i v e e x p l a n a t i o n f o r the occurrence of nest p a r a s i t i s m 
i s a shortage of a v a i l a b l e newt s i t e s . However t h i s i s u n l i k e l y to be 
true f o r -•.berlady where J e n k i n s et_ a l . (1975) showed a shortage to be 
l i k e l y only o u t s i d e the dune system where few of the shelduck n e s t e d . 
P a t t e r s o n (T'.J710 working a t the Ytr.an E s t u a r y (a s i m i l a r nrea to 
i i b n r l a d y ) , concluded the occurrence of nest p a r a s i t i s m there was low. 
Except f o r n e s t s i n boxes, the dv-te on which the f i r s t egg of a 
c l u t c h was l a i d , was determined by backdf.iting from the appearance of 
the broods on the bay, i n c o r p o r a t i n g i n f o r m a t i o n on l e n g t h of i n c u b a t i o n e t c . 
a 
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FIGURE X V I . Number of s h e l d u c k i n c u b a t i n g between 
A p r i l and J u l y , 1 9 7 6 , a t A b e r l a d y Bay. ( D e r i v e d 
by b a c k d a t i n g from the time o f a r r i v a l of broods 
on the b a y . ) 
determined during t h i s study. There are s e v e r a l e r r o r s i n h e r e n t i n 
t h i s method; young may not have been seen on the day they l e f t the 
nest and the l a y i n g dates of s u c c e s s f u l p a i r s , estimated from the dates 
of appearance of t h e i r broods, may have d i f f e r e d from those of p a i r s 
that l o s t t h e i r eg:^s. 
The f i r s t egg was a l i d about the I S t h .-.pril .^ nd 5 0 ; - ' of the females 
had completed t h e i r c l u t c h e s by the second week i n Nay (Fi'-ure XV). 
Laying continued u n t i l the 1st June. Mori (1964) found a l a y i n g 
period between 25th - p r i l and 19th June (1961-63) with the pei»k i n 
l a y i n g i n the second week i n May. P a t t e r s o n (197*+) a t the Ythan found 
a span of l a y i n g between 20th . i p r i l and 12th June ( 1 9 6 2 - 6 4 ) . I n a l l 
y e a r s a t the Ythan and. Sheppey l a y i n g tended to t a i l o f f s l o w l y , 
whereas a t .'.berlady i t appears to be r e l a t i v e l y abrupt. At the Ythan 
t h i s could, be due to l a t e a r r i v a l s of some p a i r s whereas a t Aberlady 
a l l breeding p a i r s a re present i n March. 
4 . 4 INCUBATION 
The f i r s t b i r d s t a r t e d i n c u b a t i o n on the 2#th A p r i l and the 
l r ^ s t stopped on the 2nd J u l y , i-.ost shelduck were incubatinr; during 
the f i r s t week i n June ( F i g u r e X V I ) . The i n c u b a t i o n period gave a mean 
value of 32.2 days ( f o u r o b s e r v a t i o n s ) . T h i s compares with 28.1 days 
given by i i o r i (1964) f o r shelduck. a t the I s l e of ohepoey. I n c u b a t i o n 
a t Sheppey u s u a l l y did net s t a r t u n t i l the f i r s t week i n I ay and 
continued to the t h i r d week i n J u l y , peaking during the second and t h i r d 
week i n June ( l l o r i 1964). 
During i n c u b a t i o n ducks u s u a l l y l e f t the nest of t h e i r own a c c o r d 
(12 o b s e r v a t i o n s ) although thc-y were always e s c o r t e d back to t h e i r n e s t s 
by the drake. Ducks were seen to l e a v e i n response to c u l l s from the 
drMkes on only two occasions:. Kingman ind Leader (p. com) f railed to 
w i t n e s s t h i s a t a l l during a l l - d a y watches over the dunes, which supports 
4 5 
my o b s e r v a t i o n s . When & dr:,'--e c a l l e d a female o f f the nest i t c i r c l e d 
low around the nest entrance RnJ then on once o c c a s i o n flev/ around 
w a i t i n g f o r the female to appear, and on the o t h e r , landed nearby i n 
the ..'est :-:l?.c!-:. Some r r a k e s seemed to wait a t p l a c e s o t h e r than t h e i r 
t e r r i t o r y f o r females to le-nve the ne£=t. Drake no. 904 w a s seen to wait 
f o r p e r i o d s of up to 4 5 min i n the './est J l a c k . ^ v e n t u i Q l y the female 
would a r r i v e find they would f l y down to the bay to f e e d . T h i s drake 
was a l s o s e p n to r e t u r n to the .et S l a c k - i f t e r e s c o r t i n ; ; the female to 
the n e s t . Throughout 1-yinr end incub t i o n the female always flew o f f 
f i r s t with the male f o l l o w i n g her e.g., when l e a v i n g t h e i r feeding 
a r e a to r e t u r n to the n e s t . 
The hatching p e r i o d l a s t e d f o r two days i n a l l the boxes. Once 
a l ] the eggs had hatched the d u c k l i n g s remained i n the nest f o r 2k h 
before being taken down to the bay. h a t c h i n g s u c c e s s v a r i e d from 80?' 
to 100/:i. There was only one piece of d i r e c t evidence f o r d e s e r t i o n . 
T h i s concerned b i r d no. 877 r ,nd h i s mote who were i d e n t i f i e d as having a 
nest i n the dunes. One morning a group of sever, shelduck were 6 e e n to 
show great i n t e r e s t i n t h i s nest s i t e , some b i r d s l o o k i n g down the 
burrow, oth e r s (two females) a c t u a l l y e n t e r i n g i t . ( U n f o r t u n a t e l y none 
of these birc.s were r i n g e d ) . Curing t h i s period, the drake wns at the 
nest entrance and sometimes t o l e r a t e d the behaviour of the o t h e r b i r d s , 
although on other o c c a s i o n s showed a g g r e s s i o n e i t h e r by posture or 
f l y i n g at the other b i r d s . T h i s p a i r were never seen with d u c k l i n g s and 
no evidence f o r h a t c h i n g was found a t the nest s i t e s . They were t h e r e f o r e 
presumed to have d e s e r t e d f o r some reason, but whether i t was due to the 
type of s o c i a l i n t e r a c t i o n d e s c r i b e d above or to other f a c t o r s i s not 
known. 
Examination of unhitched eg;;:s showed the eggs to have e i t h e r no 
TABLE I V . I n f o r m a t i o n on d e s e r t e d eggs. 
B i r d No. No. Unhatched S t a g e of Development 
No s i g n Mid L a t e 
811 2 i ( 9 ) K3) 
87U 3 3 
882 1 1 
891 1 1(9) 
1 1 
1 1 
6 6 
Numbers I n b r a c k e t s a r e the number of the egg i n the 
c l u t c h i . e . , (3)= 3rd egg. 
a 
s i g n s of development or t c be ve r y w e l l developed; no eggs were found a t 
int e r m e d i a t e s t a g e s of development. D e t a i l s of the s t a g e s of egg 
development f o r deserted eggs *re given i n Table I V . 
Kear (1964) showed t!r t i n ma l l a r d d u c k l i n g s t h e i r only source of 
nourishment, during the period a f t e r hatching and before they f e d, 
wss the ror.'.iiins of t h e i r y o l k . T h i s i s absorbed i n t o the body j u s t 
before hatching and then c;radu~lly r e l e a s e d i n t o the gut. The occurrence 
of d e s e r t e d well-developed eg;;s could be e x p l a i n e d by delayed h a t c h i n g 
of these eggs f o r some reason, which r e s u l t e d i n the female l e a v i n g 
them i n the nest when she took the hatched d u c k l i n g s down to the bay. 
B i r d no. 911's 100;. hatching s u c c e s s was remarkable, c o n s i d e r i n g 
the time taken to l?.y the c l u t c h ( t h r e e of the eg^.s being l e f t on damp 
sand f o r two weeks). R e s i s t a n c e to c h i l l i n g has not been recorded 
f o r shelduck, but Matthews (195*0 showed the eggs of many s'-.earwaters 
to be r e s i s t a n t to c h i l l i n g a t -^ 11 s t a g e s of development. 
Onf'y one predated nest was found, 9 out of the 15 eg s having 
been eaten, '.'easels (Mu.-jtela n i v a l i s ) , s t o a t s (JM. erminea) and the 
brown r a t (Rftttus n orvegicus) were a l l common on the r e s e r v e , each one 
being the p o t e n t i a l predator. 
4.6 D£j'.".RT,Jiii*J FROM Th~ MitfST 
Ducklings were taken..down to ..the bay by the par e n t s e a r l y i n the 
morning. Times ranged from 0400 h to 0940 h. Departure of the 
d u c k l i n g s from the nest was seen on three o c c a s i o n s . I n two of the 
c a s e s the female l e f t the box and went down to the bay to c o l l e c t the 
drake. On a r r i v a l a t the nest s i t e the }:air landed some d i s t a n c e 
away (50-200 m). The female then approached and entered the nest box, 
e v e n t u a l l y b r i n g i n g the d u c k l i n g s out and j o i n i n g the drake who by t h i s 
time had moved to w i t h i n 30 m of the burrow. The d u c k l i n g s were then 
taken down to the bay by the most d i r e c t r o u t e . The t h i r d p a i r seen 
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l e a v i n g the nest with t h e i r d u c k l i n g s , although showing s i m i l a r 
behaviour o v e r a l l , demonstrated a s p e c t s of behaviour not seen i n 
the other p a i r s . The f e r t i l e of t h i s p a i r was p a r t i c u l a r l y nervous, 
always very e a s i l y d i s t u r b e d , v n the expected day of departure by 
the d u c k l i n g s from the- n e s t , a w:itch wn.s s t a r t e d a t f i r s t l i g h t . By 
0530 h no d u c k l i n g s h: d been see n and. the box was approached to see 
i f d u c k l i n g s could be heard w i t h i n , before re:.ching the box the 
female flew out, a p p a r e n t l y d i s t u r b e d , -ind went to the bey. She 
returr.ed u few minutes l? . t e r w i t h two o t h e r females and a dr^ke. 
These b i r d s showed g r e a t i n t e r e s t i n the box, l o o k i n g down the entrance 
and a l s o e n t e r i n g , whether the female was i n t h e r e or not. The female, 
whose box t h i s was, wandered i n and out of the box q u i t e f r e q u e n t l y while 
the other shelduck were p r e s e n t . Three more shelduck a r r i v e d , two 
females and a druke (no. 873 the mate of the owner of the box), and a l s o 
showed i n t e r e s t i n the box. At t h i s point a group of ten e i d e r s walked 
towards the box and j o i n e d the /-roup of shelduck around i t , though only 
remained there a few minutes before f l y i n * away. T h i s was followed a 
few minutes L i t e r by the departure of the shelduck around the box. 
between 0730 h and 0800 h the female l e f t the nest on s e v e r a l o c c a s i o n s 
to f e t c h her mate from the bay, who r e t u r n e d b r i e f l y w i t h her to the 
n e s t each time but soon went br-.ck to the bay, a behaviour s i m i l a r to 
t h a t used during i n c u b a t i o n . At 0830 h she made one of these j o u r n e y s 
to the bay r e t u r n i n g to the nest with her mate and another strange p a i r 
of shelduck ( a male and a f e m a l e ) . When they landed a t the nest t h e r e 
was some a g g r e s s i o n between the two d , :ik.es, followed by no. 873 walking 
••Wi'.y fron the n e s t . The two drvkes, ar\d the strange female, then returned 
to the bay. The female who ownfiri the nest then m;;de f u r t h e r attempts 
t--> b r i n g her m.-.te to the nest s i t e but each time the drake soon re t u r n e d 
to the bay. -Eventually a t 09*+0 h the female took the d u c k l i n g s to the 
bay by h e r s e l f and met her mate i n the s a l t i n g s . U n f o r t u n a t e l y the 
response o f the male to the f i r s t s i g h t of the brood was not seen . 
Two of the females th: t v i s i t e d the ne;-t during t h i s behaviour were 
c o l o u r - r i n g e d , and both were known to feed, near the mout o f the 
e s t u a r y ;>nd were thought to be n o n - b r e e d e r s . The s i g n i f i c a n c e of these 
v i s i t s i s not c l e a r . '!o Wever high t i d e was a t 0645 h t h a t morning 
and i t see i r.s l i k e l y t h a t the v i s i t o f the female to the main shelduck 
r o o s t i n g a r e a i n the s a l t i n , ;s i n .'search o f her mate r e s u l t e d i n b i r d s 
f o l l o w i n g her bac'x to the n e r,t s i t e , '..hether t h i s was a c c i d e n t a l or 
f o r other reasons i t demonstrates a p o s s i b l e mechanism by which 
i n t r a s p e c i f i c i n t e r f e r e n c e could develop, one which might apply a t any 
time during the breeding season. 
4 . 7 NUKBUk M Sliid.DUCK ; .*IH3 BKEiDIHG 
A t o t a l o f 36 broods were brought onto Aberl;<dy Bay i n 1976. 
The parents o f s i x o f these broods were not r e s i d e n t i n the hay i . e . , 
they were not seen feeding i n any p a r t o f the bay before a r r i v a l w i t h 
t h e i r d u c k l i n g s . O f the remainder, t en p a i r s were known to have fed 
both i n the bay and nested i n the nature r e s e r v e and e i g h t were known 
to have fed i n the bay .'aid pre ruined to have nested i n . the nature r e s e r v e . 
The remaining twelve comprised unringed b i r d s o f unknown s t a t u s (though 
one unringed p a i r were known to have nested s u c c e s s f u l l y i n the nature 
r e s e r v e and fed i n the bay;. I n a d d i t i o n to these b i r d s two p a i r s were 
known to have fed i n the bay and nested i n the r e s e r v e but were never 
seen with d u c k l i n g s (though remains of hatched eggs were found a t one of 
these nest s i t e s ) , another p a i r nested s u c c e s s f u l l y i n the dunes but 
took t h e i r d u c k l i n g s to i-'-usse' burgh. Three other p a i r s were a l s o b e l i e v e d 
to have attempted to breed (rir:-ke seen ulone o n t h e i r f e e d i ng a r e a o r the 
female w i s seen to be ^ r ^ v i d ) . T h i s g i v e s a t o t a l of 42 breeding b i r d s 
(39 o f these with d i r e c t evidence o f n e s t i n g ) between North Berwick and 
Musselburgh. T h i s i s prob- b l y n minimum estimate as b i r d s with 
d u c k l i n g s along the c o a s t may not have been seen and o t h e r p a i r s may 
have attempted to breed but f a i l e d to hatch t h e i r c l u t c h . 
Only one ringed shelduck ( b i r d no. 851) w a « seen i n l a n d with 
her mate at Drem poo]s. One nest was found i n l a n d i n a haystack near 
G u l l a n e , although i t i.s not known i f t h i s belonged to b i r d no. 851. 
another ringed p a i r (female no. 827) had a feeding a r e a during i n c u b a t i o n 
i n the s m a l l pond ne'-r the t e r n colony ( F i g u r e X I ) . 
P a i r s t h a t were known to breed s u c c e s s f u l l y a l l fed i n l a n d of the 
i C i l s p i n d i e House-Sewage '..orks l i n e . However, th r e e of the-e p a i r s did 
feed a t sometimes during i n c u b a t i o n to the seaward s i t e of t h i s l i n e 
( although they a l s o fed i n more rnuc'dy a r e a s of the b a y ) . T h i s would 
suggest t h a t p a i r s may be a b l e to breed i f they fed on the seaward s i d e 
of the K i l s p i n d i e l i n e ( a t l e a s t f o r p a r t of the t i m e ) . 
T h i r t y - s i x broods on the bay i s a much higher f i g u r e than t h a t 
seen by J e n k i n s et j n l . (1975) between 19&7 a n t * 1973, h i s h i g h e s t f i g u r e 
being 1R broods seen i n 19&9. 
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FIGURE X V I I . Number of new broods a r r i v i n g on 
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5.1 TIMING OF .Hl-1'xi..li/iNCE 
The f i r s t broods were seen on the bay a t the end of May, and by 
mid-June 5Q' of known broods had been brought to the bay ( f i g u r e X V I I ) . 
The f i r s t brood c o n s i s t e d of only two ducklin,;;s, t h e i r p a r e n t s having 
fed during l a y i n g and incub;.it:ion on a s m a l l pond near the t e r n colony. 
The l a t e s t date on which a nev.^y hatched brood vir.s seen was the 
kth J u l y . 
Hatching d ? t e s -<re recorded i n s e v e r a l B r i t i s h s t u d i e s ( S t n t o n 19^5? 
uilhsrr. and holmes 1950; Coombes 1950; ^outh and B u t l e r 1955; Hori 196*4, 
1969; W i l l i a m s 1973) and ^ r e s i m i l a r to those found f o r Aberlady. 
5.2 NUfcii£)HY xHrl,iS 
From the n e s t s d u c k l i n g s were taken down to the bay u s u a l l y by the 
most d i r e c t route, although a female with a n e s t near the f o o t b a l l p i t c h 
( F i g u r e X I ) took her brood along the beach on the seaward s i d e of the 
dunes and then i n t o the bay. The most remarkable journey was t h a t of a p a i r 
with a nest by the t e r n colony. T h i s p a i r were never seen feeding i n 
the bay during t h i s study. However, remains of eggs o u t s i d e the burrow 
entrance showed t h e i r eggs had hatched and the p a i r were f i n a l l y seen 
at Musselburgh with nine d u c k l i n g s . I f these were t h e i r d u c k l i n g s t h i s 
would have e n t a i l e d a journey of a t l e a s t 10 km along the c o a s t . 
Once on the bay 86';.' of the broods (30 out of 36) were seen a t some 
time near the mussel beds along the P e f f e r Burn ( F i g u r e X V I I I ) which 
appeared to be the main nursery a r e a , although broods were seen on o c c a s i o n 
i n every p;.rt of the bay while the t i d e was out. At high t i d e broods 
c o l l e c t e d i n the s a l t i n g on the north s i d e of the bay although one or 
two broods remained below i - . i l s ; i n d i e House. 
Two broods, on a r r i v 1 on the bay, were taken up the P e f f e r Burn 
to an area with plenty of cover f o r the d u c k l i n g s , .bove the f o o t - b r i d g e . 
The f i r s t brood's parents had had a feeding a r e a i n the main p a r t of the 
bay during l a y i n g a-nd i n c u b a t i o n , but t h e i r brood remained i n the a r e a 
above the foot-bridge u n t i l the second p a i r , whose feeding a r e a d u r i n g 
i n c u b a t i o n was a l s o i n t h i s r e g i o n , brought t h e i r brood down to the 
burn. A f t e r f i v e days the second p a i r a l s o took t h e i r brood i n t o the 
main p>rt of the bay. Only two p a i r s kept t h e i r broods w i t h i n 100 m 
of t h e i r p revious feeding nrea. both theue p a i r s e v e n t u a l l y l o s t 
t h e i r duckling's, e i t h e r through m o r t a l i t y o r t o another p a i r . One of 
these p a i r s fed beyond .-•. i l s j i n d i e i ; o i n t and so awi.y from the o t h e r 
broods, whereas the other fed by the old road, f u r t h e r i n t o the bay 
i n an a r e a where a few other broods were taken. 
A l l the a r e a s where d u c k l i n g s were taken were e a s i l y viewed and 
very prone t o d i s t u r b a n c e . G e n e r a l l y broods were not d i s t u r b e d by 
people on the edge of the bay. However, as soon as movement was made 
onto the bay ( o n l y a few metres) a d u l t shelduck looking a f t e r broods 
would l e a d them away i n the opposite d i r e c t i o n . Such r e a c t i o n s were 
seen over d i s t a n c e s of 300 m. I f s u r p r i s e d , d u c k l i n g s dived under water 
o r s c a t t e r e d i n the w a i t i n g s . The r e a c t i o n of the a d u l t s v a r i e d . 
Males i n p a r t i c u l a r , v i g o u r o u s l y defended the brood a g a i n s t other 
shelduck and were a l s o seen t o a t t a c k e i d e r (oomateria m o l l j j s i m a ) , m a l l a r d 
h 
(••n-iS p l a t y r h y n c o s ) and p o t e n t i a l p r e d a t o r s such as the H e r r i n g g u l l 
(l.arus a r f e n t a t i e ) and the black-headed g u l l ( L a r u s r i d i b u n d u s ) . 
At the f i r s t s i g n s of t r o u b l e the female c a l l e d the d u c k l i n g s to 
her using n r a p i d "ak-ak-ak" c a l l . I f d i s t u r b e d by people the male would 
c i r c l e around the an? a w h i s t l i n g lowdly. Both a d u l t s would a l s o f e i g n 
i n j u r y , a common f e a t u r e i n ..n-tids (Hebard 1959). 'This behaviour was 
never seen when broods were attncked by g u l l s . I n t h i s case the male 
would chase the g u l l and the female gather her d u c k l i n g s r.rounri her. 
;. l s o on one o c c a s i o n u rirukf* was seen t o push under water a d u c k l i n g 
th-jt was a l r e a H y d i v i n g t o escape. 
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FIGURE X I X . The number o f d u c k l i n g s o f d i f f e r e n t 
age c l a s s e s ( I - I V ) s e e n on A b e r l a d y Bay between 
May and J u l y 1976. ( C l a s s I , C l a s s I I , 
C l a s s I I I , t o t a l number of d u c k l i n g s ( ) i s 
a l s o shown.) 
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5.3 AGS .-.l.D GROWTH 
The development of du c k l i n g s W H S followed by observing s u c c e s s i v e 
s t a g e s i n development of t h e i r plumage, f i g u r e a I X shows the occu r r e n c e 
of the d i f f e r e n t age c l a s s e s of d u c k l i n g s on the bay from the end of 
Kay. Numbers of C l a s s I d u c k l i n g s reached a maximum i n the f o u r t h week 
i n June and h.d almost a l l died or reached the next age c l a s s by the 
second week i n J u l y . G l o s s I I d u c k l i n g s were f i r s t seen i n the f i r s t 
week of June and were probably a t a maximum i n the second week i n June 
when the f i r s t C l a s s I I I d u c k l i n j s could be i d e n t i f i e d . Only one 
fledged d u c k l i n g was seen and that was on the 16th J u l y . 
Due to creche formation and the l a c k of d i s t i n c t i v e markings of 
du c k l i n g s i t v/as im p o s s i b l e to f o l l o w i n d i v i d u a l d u c k l i n g s throughout 
t h e i r development. Only one p a i r was thought to have maintained 
parents] c a r e of t h e i r d u c k l i n g s through to f l e d g i n g . These were the 
f i r s t d u c k l i n g s on the bay and were always s l i g h t l y o l d e r than the r e s t 
of the broods. T h i s p.-ir of d u c k l i n g s took a t l e a s t 31 days to re a c h 
C l a s s I I I i n t h e i r development. T h i s compares f a v o u r a b l y w i t h the 
r e s u l t s of Wi l l i a m s (1973) who found t h i s period of development to take 
y:: days a t the Ythan. j'-.t oheppey, Hori (1964) d i d not observe C l a s s I I 
du c k l i n g s u n t i l the t h i r d week i n June a s a r e s u l t of the l a t e r h a t c h i n g 
date t h e r e . 
5.4 CRhXJHING 
Some p a i r s of shelduck cared f o r groups of d u c k l i n g s of two or more 
d i f f e r e n t ages. T h i s mixture of young i s termed c r e c h i n g and i s an 
uncommon fe ture of w^ter fowl biology (Gorman and Milne 1972). 
C r e c h i n g was most obvious when the brood contained d u c k l i n g s of 
d i f f e r e n t s i z e s , although t h i s wos seen i n only 8;' (24 out of 307) of 
obs e r v a t i o n s on broods. Many of the amalgamations between broods 
involved d u c k l i n g s of zho. same s i z e , i n t e n s i v e c r e c h i n g has been reported 
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f o r some shelduck po.ul t i o n s (Hori 196^, 1969; 3oase 1951) with a s 
many as 100 d u c k l i n g s i n a c r e c h e . The l a r g e s t creche Ht Vnerlady 
was of 3»c- d u c k l i n g s . 
5.5 IKA CitoC.-ilNG uC'JU'Ki-eD 
i-arents were seen not only to defend t h e i r broods but an a r e a 
around them. The p o s i t i o n of the m ; ,in nursery are - i i n the c e n t r e of 
the bay r e s u l t e d i n frequent i n t e r a c t i o n s between p a i r s , liroods 
f r e q u e n t l y swam up and down the i e f f e r Burn which runs through the 
nursery aren, when swimming tov;urds each o t h e r , broods sometimes 
co a l e s c e d to form groups of up to *i2 d u c k l i n g s . I f a g g r e s s i o n o c c u r r e d 
between two s e t s of p a r e n t s with d u c k l i n g s , t h i s helped to cause 
interchange of broods during the r e s u l t i n g melee. However, exchange of 
d u c k l i n g s was sometimes much more s u b t l e . For example, i f a brood was 
s i t t i n g on the mussel beds when a d i f f e r e n t brood swam by, mutual a t t r a c t i o n 
between the d u c k l i n g s caused sone of the s i t t i n g brood to j o i n the o t h e r , 
sometimes parents would l o s e j u s t a few d u c k l i n g s , other times a l l of 
them, lihen feeding on the mudflats, d u c k l i n g s sometimes s t r a y e d vip to 
50 m from t h e i r parents and when two broods were c l o s e enough some 
exchange could take p l a c e , ouch exchange of d u c k l i n g s was seen 13 times, 
eleven of these t r a n s f e r s were seen to occur i n the nursery a r e a along 
the P e f f e r Burn, disturbances.from.people may a l s o l e a d to c r e c h i n g i f 
d i f f e r e n t broods move i n t o the sane a r e a . W i l l i a m s (1973) s t a t e d t h a t 
the n u r s e r y a r e a s a t the Ythan were i n q u i t e i s o l a t e d a r e a s away from 
d i s t u r b a n c e s . At Aberlady no p : : r t of the bay i s s e c l u d e d , except i n the 
P e f f e r Burn above the f o o t - b r i d g e . U s u a l l y a t l e a s t one brood i s 
r e a r e d there a n n u a l l y ( J e n k i n s pero. comi . ) . -lowever, except f o r two 
broods kept there f o r a few days when f i r s t brought onto the bay, no 
d u c k l i n g s were re a r e d i n t h i s are-;* i n 19?6. f.lthough p a r t s of the c o a s t 
l i n e from North Berwick to riusselburgh are more secluded than Aberlady, 
p a i r s from the:,e a r e r s g e n e r a l l y b r i n g t h e i r d u c k l i n g s i n t o .-iberlady 
Bay, ( J e n k i n s e t a l . 1975)i probably due to u n s u i t a b l e feeding s u b s t r a t e s 
f o r d u c k l i n g s along the c o a s t . 
The mutual a t t r a c t i o n between d u c k l i n g s was not always g r e a t e r 
than t h a t f o r t h e i r ]>;\rents. Once th r e e d u c k l i n g s were seen to j o i n 
another brood i n the burn and sv/im ui; to 10 m from the r e s t of t h e i r 
brood, before t u r n i n g ^nd r e j o i n i n g them. 
Vihen p a i r s l o s t some or even a l l of t h e i r d u c k l i n g s to o t h e r broods 
they u s u a l l y moved away without apparent d i s t r e s s . Once a female was 
seen to t r y to keep her d u c k l i n g s s e p a r a t e from those of another brood, 
but she f o i l e d . Two i n t e r e s t i n g p i e c e s of behaviour were seen i n two 
females two or three riays a f t e r they had l o s t t h e i r broods. B i r d no. 891 
was seen to f l y a c r o s s to another female who had a brood of 15 d u c k l i n g s . 
No. 891 snowed a g g r e s s i v e behaviour towards t h i s female and wandered 
through her brood. 3he e v e n t u a l l y " s e p a r a t e d " 11 d u c k l i n g s f o r h e r s e l f , 
l e a v i n g four with the other fomp.le* .inother female (no. 928), three days 
a f t e r l o s i n g her brood, was soen accompanying an unringed p a i r with 
t h e i r d u c k l i n g s , though she did not gain a new brood. 
The occurrence of c r e c h e s of v e r y mixed ages was r a r e . I n such 
groups one or both a d u l t s would a t t a c k those d u c k l i n g s o b v i o u s l y of a 
d i f f e r e n t ftge from the o t h e r s (nine o b s e r v a t i o n s ) . Those d u c k l i n g s 
caught were pecked, o f t e n q u i t e v i c i o u s l y , on the wings, head and neck 
and f o r c i b l y immersed under water or smothered i n the mud. 
As d u c k l i n g s became o l d e r i t was more frequent to see them without 
accompanying a d u l t s (86>' of lone d u c k l i n g s were C l a s s I I or o l d e r ) . 
Three of the a t t a c k s d e s c r i b e d above were on o l d e r d u c k l i n g s t h a t were 
attempting to j o i n a brood and on none of theae o c c a s i o n s were t h e i r 
attempts s u c c e s s f u l , ^ne d u c k l i n g was c o n t i n u o u s l y a t t a c k e d f o r a t 
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l e a s t 15 min. " s with other d u c k l i n g s t h a t were a t t r a c t e d to broods 
i t t r i e d to evade a t t a c k and romain i n the group. However, i t was 
e v e n t u a l l y seen to leave the brood wet, muddy and exhausted, to r e s t 
i n the s a l t i n g s . T h i s d u c k l i n g (which was ringed) was never seen a g a i n 
and i s presumed to have d i e d . 
5.7 AGj;; ..:IIC:i CK..C..I!'lii OCX'-' .;Kt±> 
A l l of the d u c k l i n g s seen to be t r a n s f e r e d between broods were of 
"tge G l a s s I . T r a n s f e r may a l s o have occurred i n o l d e r d u c k l i n g s , but 
evidence suggests they j o i n e d broods from unattended grouys of v i c e v e r s a . 
For example, b i r d no. SkO brooded the m a j o r i t y of o l d e r d u c k l i n g s during 
l a t e June and e a r l y J u l y , and during J u l y the numbers i n her brood v a r i e d 
i n r e l a t i o n to the numbers of b i r d s i n a s m a l l unattended c r e c h e , p o s s i b l y 
i n d i c a t i n g t r a n s f e r between the two. Creching a l s o seemed to occur 
immediately a brood reached the bay. l i i r d no. 925 was seen e a r l y i n the 
morning t a k i n g her eight d u c k l i n g s down to the bay. However, the f i r s t 
time the brood was seen on the bay i n the nursery a r e a , i t contained 
27 d u c k l i n g s . 
Ureching a t '-berlady was e x t e n s i v e and the crowding together of 
broods w i t h i n a r e l a t i v e l y s m a l l a r e a together with disturbance were 
probably important f a c t o r s a f f e c t i n g the extent of c r e c h i n g . 
5.8 SUHVIV..L VrtLUrJ OY CACHING 
The amalgamation of young i n t o l a r g e groups or c r e c h e s has been 
d e s c r i b e d f o r a number of u n r e l a t e d s p e c i e s of b i r d s , i n c l u d i n g penguins 
('itonehouse 1953; Slarien 1958), p e l i c a n s (Brown and Urban 1969)» t e r n s 
( D i r k s e n 1932) and ducks (Koskimies 1955; "-ear 1970; Gorman and Milne 1972) 
and a number of suggestions h.'ive been m de to e x p l a i n the h a b i t , 
.'enguin c r e c h e s may conserve heat and r e p l a c e p; r e n t : d brooding, w h i l e 
i n p e l i c a n s , c r e c h i n g nay p r o t e c t the young from extremes of body 
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TABLE V c o n t . 
Date B i r d No. 
931 928 920 UK 925 893 UR US 
23/6 20 12 
2U/6 23 9 . 9 
25/6 11+ 33 9 7 
26/6 5 38 9 10 2 
27/6 3 5 h 7 27 
28/6 U 16 6 16 3 
29/6 9 1 18 2 
30/6 6 2 11 
1/7 7 7 6 
2/7 9 8 6 
3/7 9 12 
k/1 5 8 6 9 
5/7 6 k k 9 
6/7 11 1 9 
9/7 11 6 
10/7 11 5 
11/7 11 6 
12/7 11 5 
13/7 11 5 
1U/7 11 5 
15/7 11 5-
16/7 6 5 
17/7 7 5 
19/7 I< h 
23/7 1 2 
TABLE V c o n t . 
12 
8 9 16 k 
8 7 6 3 15 
8 3 9 15 
8 6 13 
8 1 1U 6 0 h 
Date B i r d No. 
UR 852 961 889 UR 930 WW 809 UR 89U UR 911 UR UR 
W6 8 9 6 
15/6 8 8 h 
16/6 7 18 h 6 5 
17/6 2 22 U 6 3 7 
18/6 3 k k 6 1 19/6 U 0 1* 6 1 l l 2 20/6 U 6 0 0 21/6 0 k 5 22/6 2 5 
23/6 U 5 2V6 U 5 
25/6 U 5 
26/6 U 
27/6 U 5 28/6 1+ 5 29/6 h 5 30/6 U 5 1/7 U 5 2/7 i* 5 
3/7 h 8 V7 7 5/7 7 6/7 7 
9/7 7 10/7 7 11/7 7 12/7 7 
13/7 7 
1*4/7 7 15/7 7 
16/7 7 
17/7 7 
19'7 7 23/7 7 
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TABLE V . Number of d u c k l i n g s i n b r o o d s . 
D a t e B i r d No, 
827 851 828 873 823 921+ 81+0 811 UR 879 ' UR UR 882 891 
3 1 / 5 2 6 
1/6 2 6 6 
2/6 2 6 6 
3/6 2 8 6 7 
6/6 2 5 13 
7/6 2 2 5 11 
8/6 2 11+ 8 9 9 
9/6 2 11 8 9 15 8 
10/6 2 12 8 6 15 
11/6 2 22 8 6 5 18 
12/6 2 11 0 5 16 20 8 
13/6 2 11 0 10 19 9 
1U/6 2 7 10 10 1+ 12 
15/6 2 8 0 5 12 
16/6 2 7 0 0 11 
17/6 2 0 1 0 6 
18/6 2 '£h 15 
19/6 2 7 1+ 15 
20/6 2 0 10 
21/6 2 9 13 
22/6 2 10 18 
23/6 2 11+ 11 
21+/6 2 12 8 
25/6 2 12 7 
26/6 2 14 13 
27/6 2 10 0 
28/6 2 10 
29/6 2 9 
30/6 2 13 
1/7 2 « 
2 /7 2 11 
3 / 7 2 13 
1+/7 2 1 | 
5/7 2 1? 
-6/7 2 ... 21 
9/7 2 15 
10/7 2 19 
11/7 2 i 8 
12/7 2 15 
13/7 2 17 
11+/7 2 15 
15/7 2 16 
16/7 2 
17/7 2 
19/7 2 
21/7 2 21 
14 
/   16 
temperature. Many suggestions r e f e r to p r o t e c t i o n from p r e d a t o r s . 
Lack (19^7) considered a t i g h t l y packed group of young would be 
more e a s i l y defended. Xear (1970) b e l i e v e d c r e c h i n g to reduce a i r e a l 
p r e d a t i o n - many eyes s e e i n g b e t t e r than one. Gorman and Milne (1972) 
showed c r e c h i n g to be c o r r e l a t e d -with the s p a t i a l sep-. r a t i o n of a d u l t 
and d u c k l i n g foods. \ o r i (196^b) suggested t h . t c r e c h i n g i n shelduck 
was more frequent l a t e i n the breeding season, a l l o w i n g p a r e n t s who had 
l o s t broods to r e g a i n c o n d i t i o n f o r m i g r a t i o n . T h i s theory i s examined 
i n the nest s e c t i o n . 
5.9 Fix'Sa OF UKOuLr o-, l.'&tS 
Only 9 out of 36 p a i r s b r i n g i n g broods onto the bay were seen 
with d u c k l i n g s f o r more than a 10 day p e r i o d ( s e e Table V ) . Seven 
of these b i r d s were r i n g e d and out of these s i x v/ere known to have 
bred a t l e a s t three tiines b e fore. Of the 16 o t h e r ringed b i r d s only 
one had bred ? times before, 5 t w i c e , h once and f o r the r e s t t h e r e was 
no record of s u c c e s s f u l breeding. T h i s suggests breeding experience may 
he important i n e f f e c t i n g the number of days a p a i r kept d u c k l i n g s . 
F i g u r e XX shows counts of b i r d s on the landward and seaward s i d e s 
of the t r i b u t a r y j o i n i n g the F e f f e r Burn opposite K i l s p i n d i e House from 
the end of May to J u l y , as w e l l as the t o t a l number of b i r d s i n the bay. 
T h i s suggests a movement of"birds'from the "mud" onto the sandy a r e a . 
The r i s e i n numbers on the sand may be due i n p a r t to c o a s t a l b reeders 
remaining a f t e r b r i n g i n g t h e i r d u c k l i n g s to the bay. The r i s e i n the 
t o t a l numbers of b i r d s i n the bay a l s o .suggests t h i s . However, 
13 out of 18 breeding p a i r s who fed e a s t of the t r i b u t a r y during l a y i n g 
arid i n c u b a t i o n were seen feeding a t sometimes l e f t of the t r i b u t a r y 
a f t e r l o s i n g t h e i r duc!:linj;s. '-'nly two p a i r s were seen to do so before 
hatching of t h e i r ducklim;;;. T h i s i n d i c a t e s some changes i n f e e d i n g 
area a f t e r breeding. 
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FIGURE X X I . R e l a t i o n s h i p b e t w e e n the d a t e f e m a l e s h e l d u c k s : 
a t A b e r l a d y Bay were l a i i t s e e n w i t h d u c k l i n g B and the d a t e 
i&iey weje l a s t s e e n on the b e y ( a p p r o x i m a t e time of m i g r a t i o n ) . 
6L 
F i g u r e XXI shows the date the female was l a s t seen with d u c k l i n g s 
a g a i n s t the date she was l a s t seen (assuming t h i s i s an approximation 
to the time of m i g r a t i o n ) . The time of l o s i n g t h e i r broods does not 
appear to a f f e c t the time of migration f o r the m a j o r i t y of b i r d s 
(although obviously b i r d s h ving broods during the main period of departure 
of the /.berl-iHy popul t i o n w i l l remain l o n g e r ) ! Thus i t would appear 
th;it by l o s i n g t h e i r riuckliii. s through 'prediction or c r e c h i n g the par e n t s 
were able to migrate \ i t h the main f l o c k , but the l e n g t h of time p a i r s 
kept d u c k l i n . s was a f u n c t i o n of breeding e x p e r i e n c e , rather than time 
of hatching. William.'; showed that the shel'.;uck a t the Ythan the.t remained 
with a brood f o r long periods had an equ;.l p r o b a b i l i t y of r e t u r n i n g to 
breed the f o l l o w i n g year, compared with p a i r s t h a t l o s t t h e i r d u c k l i n g s 
e a r l y i n the season. 
5.10 DUCKLING SUrfVIV.-.L .Ai> !• G ^ V I J T Y 
The journey from the nest to the nursery area u s u a l l y i n v o l v e d 
?; d i s t a n c e of 1 km or more, list i m a t e s ' " f m o r t a l i t y i n c u r r e d during 
t h i s journey could be deduced by c a l c u l a t i n g t i e mean brood s i z e on 
l e a v i n g the burrow (7 .1 ) , and .subtracting from t h i s the m'K.n brood s i z e 
when the b i r d s were f i r s t seen on the bay (5 .7) . T h i s g i v e s an esti m a t e d 
m o r t a l i t y of 21?'. T h i s may be too high because one of the b i r d s w i t h 
d u c k l i n g s disappeared on the way down to the bay but was seen two days 
l a t e r with a very mixed brood. T h i s m.ide i t i m p o s s i b l e to know whether 
any of her d u c k l i n g s s u r v i v e d . 
Because of c r e c h i n g i t was impo s s i b l e to f o l l o w i n d i v i d u a l d u c k l i n g s 
on a day to ('ay b a s i s . k o r t . l i t y was t h e r e f o r e estimated i n r e l a t i o n 
t-> plumage c l a s s . < s the sturiy f i n i s h e d before the d u c k l i n g s a l l fledged, 
i t was only p o s s i b l e to c a l c u l a t e the m o r t a l i t y of C l a s s I d u c k l i n g s . 
81.'' of the d u c k l i n g s brought onto the bay died before r e a c h i n g C l a s s I I . 
W i l l i a m s (1973) showed 30-70 • m o r t a l i t y of ducklin.-s a t the Ythan before 
they reached C l a s s I I . 
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The deatn of d u c k l i n g w->s r a r e l y seen, most simply disappeared 
and only two bodies were found. Thus i t was d i f f i c u l t to i d e n t i f y 
the causes of m o r t a l i t y . Only h e r r i n g g u l l s were seen to take 
d u c k l i n g s (seven o b s e r v a t i o n s ) . - a - l l t hese d u c k l i n g s were C l a s s I 
even though i t w:"iS common to s e e groups of o l d e r d u c k l i n g s s i t t i n g 
unattended. •••11 except one - i f the d n c k l i n ;s s e e n to be t;.ken by g u l l s 
hpd s t r a y e d from t h e i r p r-'-nts when feeding, e n a b l i n g the g u l l to 
take them before they could gather around the female. 
Weather could be an important f a c t o r i n d u c k l i n g m o r t a l i t y . 
Koskimies (1955) r e f e r i n g to the very high m o r t a l i t y i n a F i n n i s h 
maratime population of the Vel v e t S c o t e r ( H e l a n i t t a f u s c a ) , s t a t e d the 
h e a v i e s t m o r t a l i t y was during bad weather. The hot summer a t Aberlady 
i n 1976 may have caused the mud to dry out q u i c k l y a f t e r the t i d e 
receded which could have a f f e c t e d food a v a i l a b i l i t y f o r the d u c k l i n g s 
( s e e C h a r t e r 6 f o r f u r t h e r d i s c u s s i o n on food a v a i l a b i l i t y ) . 
P r e d a t o r s appear to be the rr.ajor source of d u c k l i n g m o r t a l i t y 
a t Aberlady and be s i d e s h e r r i n g g u l l s , g r e a t e r black-headed g u l l s 
( L a r u s rn:-rinus) and herons (..rdea cinerf-a) were a l s o reported to have 
taken d u c k l i n g s . Herding g u l l s nre numerous around the F i r t h of F o r t h 
•ind have been on the i n c r e a s e i n re c e n t y e a r s (Duncan per 1;, comm.) 
which can only i n c r e a s e the p o s s i b i l i t y of p r e d a t i o n by g u l l s . 
5.11 FEEDING ARLAS OF BROODS 
S u b j e c t i v e l y , younger broods were thought to feed mainly on the 
muddy or wetter a r e a s of the bay, only feeding f u r t h e r a f i e l d when 
o l d e r . To t e s t t h i s h y p o t h e s i s the feeding p o s i t i o n s of C l a s s I 
du c k l i n g s and d u c k l i n s o l d e r than t h i s were p l o t t e d on a map. The 
number of s i g h t i n g s i n each of two a r b i t r a r i l y defined a r e a s (FigureXXIcy 
r e p r e s e n t i n g muddy and/or wet a r e a s and sandy and/or dry a r e a s were 
compared. S i g n i f i c a n t l y more C l a s s I d u c k l i n g s fed i n the "wet" a r e a 
than i n the dry (*X = 8.91• 0.01)p)0.001 with 1 d f . ) . Ducklings 
were seen s i f t i n g mud at a l l ages and i t i s p o s s i b l e t h a t C l a s s I 
du c k l i n g s could only cope with the f i n e r or wette r s u b s t r a t e s . 
D e n s i t i e s of f r e e l i v i n g o l i - o c h a e t e s were high where C l a s s I d u c k l i n g s 
fed ( s ee Chapter 6) and may be an important food source f o r young 
d u c k l i n g s . 
FOOT; .-.V..IL..->BT1,ITY 
6.1 I S FOOD MV..IL..3ILITY AN J H K J R T A N T FACTOR R'K BHELDIHQ SHiXDUCK 
AT /'iBJKL.-.DY? 
Various workers h ve assumed Hydrobia ulvae to predominate i n 
the shelduck d i e t (Cambell I?1*?; Goethe 1 9 6 1 ; Olney 1 9 6 5 ; Bryant _et a l . 
1 9 7 5 ) • Clney ( 1 9 6 5 ) i n a d e t a i l e d a n a l y s i s of shelduck c u t contents 
found three other imports-nt food items, Kacnina b f t l t h i c a , Corophium v o l u t a t o r 
'ind N e r e i s d i v e r s i c o l o r . The behaviour of H. ul.vae, C_. volut.-itor nnd 
N e r e i s i s complicated. I.ewell ( 1 9 6 O ) showed t'rv t a s the t i d e ebbs 
iydrobia emerge from underneath the s u r f a c e of t e mud and feed on 
d e t r i t u s . Towards low t i d e they burrow underneath the s u r f a c e and 
remain t h e r e u n t i l the t i d e s t a r t s to come i n , when they re-emerge and 
f l o a t i n with the t i d e , f i n a l l y s i n k i n g down on the ebb t i d e a t 
approximately the same pl a c e they s t a r t e d the c y c l e . Vader ( 1 9 6 * 0 
showed th. nt burrowing was g r e a t e r i n the summer months, d e s i c c a t i o n 
being the major f a c t o r c o n t r o l l i n g the number of s n a i l s burrowing 
at low t i d e . I n very muddy pl-ices the animals remained on the s u r f a c e , 
burrowing being g r e a t e s t where the s u r f a c e d r i e d and d e s i c c a t i o n was 
maximal e.g., on sandy a r e a s during summer. 
Corophium and N e r e i s a l s o show s i m i l a r r e a c t i o n s to f l u c t u a t i o n s 
i n water l e v e l . Both remain i n t h e i r burrows while the t i d e i s out, 
though on immersion immediately come to the s u r f i c e . 
Because shelduck u s u a l l y feed.at the s u r f a c e the behaviour of 
i t s major food s o u r c e s must 5ffect t h e i r a v a i l a b i l i t y during the t i d a l 
c y c l e . Four types of feeding a c t i v i t y were seen a t Aberlady: 
1. S c y t h i n g on the mud s u r f a c e 
2 . S c y t h i n g i n shallow water < 1 0 cm 
3 . !:ead dipping and dabbling i n deeper water 1 0 - 2 ? cm 
k. Upending i n deeper waters 
The sediments a t r-.berlady vary from sand to ve r y s o f t mud 
presumably a f f e c t i n g the behaviour of i n v e r t e b r a t e s a s d e s c r i b e d by 
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Vader ( 1 9 6 * 0 . The d i s t r i b u t i o n of i n v e r t e b r a t e s i s probably f u r t h e r 
complicated by the occurrence of s m a l l pools and drainage channels i n 
the area north of the ^ e f f e r riurn. T i d e height would a l s o a f f e c t the 
i n v e r t e b r a t e d i s t r i b u t i o n i n some p a r t s of the bay. F i g u r e X X I I shows 
the high water mark f o r a k.7 m t i d e . T h i s l e a v e s l a r g e a r e a s of the 
bay to the north of the \ e f f e r l u r n uncovered and would presumably a f f e c t 
the d i s t r i b u t i o n and a v a i l a b i l i t y of i n v e r t e b r a t e s through d e s i c c e t i o n 
( c . f . Vader 1 9 6 ^ ) . The f i r s t date of l a y i n g f o r shelduck a t Aberlady 
c o i n c i d e d with the s p r i n g equinox with t i d e s up to 6 m, co v e r i n g the 
whole bay. However, during A r r i l and May (when a l l l a y i n g o c c u r r e d 
and i n c u b a t i o n s t a r t e d ) high t i d e s were a s low as U.7 m on t h r e e o c c a s i o n s 
which would a f f e c t food a v a i l a b i l i t y f o r b i r d s feeding i n the uncovered 
a r e a s . 
6.2 DISTRIBUTION O F I f i V i ^ T i B I ^ T . . ^ h'S A B ^ K L A D Y BAY 
F i g u r e X X I I I shows the numbers of Hydrobin ulvae dm ^ i n d i f f e r e n t 
p a r t s of the bay, numbers v a r y i n g from 0-190 IIydrobia dm "3. _H. u l v a e 
were present, i n a l l p a r t s of the bay, except f o r a s m a l l a r e a opposite 
i ' i l s p i n d i e iouse. G e n e r a l l y , numbers were h i g h e s t i n the w e t t e r muddier 
a r e a s . However, i t must be remembered t h a t the samples c o l l e c t e d i n 
t h i s study i n c l u d e U. ulvae from underneath the s u r f a c e and may not 
i n d i c a t e the numbers of H..ulvae a v a i l a b l e to shelduck, w i t h i n the l i m i t s 
of t h e i r d i f f e r e n t feeding methods. Most a r e a s had more than 0.3 
Hydrobia dm ^ s a i d by Young (1970) to be the lowest number s u i t a b l e f o r 
the feeding a r e a of breeding shelduck a t the Ythan E s t u a r y . 
F i g u r e XIV shows the d i s t r i b u t i o n of a tube b u i l d i n g s p i o n i d . 
T h i s was found i n the s u r f a c e l a y e r s and may be taken by s h e l d u c k . 
G e n e r a l l y i t s d i s t r i b u t i o n wes complementary to t h a t of H. u l v a e , found 
i n h i g h e s t numbers where K_. u2vae was l e s s common. 
The d i s t r i b u t i o n of N e r e i s spp. i s shown i n F i g u r e XXV. N e r e i s 
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FIGURE X X I I I . 
D i s t r i b u t i o n of 
Hvdrobia ulvae at 
Aberlady Bay i n 
1976 
• >100 animals 2 dm 
B50-100 
•10-50 
-3 
• 10 
FIGURE XXIV. 
D i s t r i b u t i o n of a 
tube b u i l d i n g 
Spionid worm at 
Aberlady Bay i n 
1976o 
• >200 animals 2 dm 
© 1 0 0 - 2 0 0 " 
B 50-100 
• 50 " 
-3 
FIGURE XXV. 
D i s t r i b u t i o n of 
NerelB d i v e r s i c o l o r 
at Aberlady Bay i n 
1976. 
• >20 animals 2 dm"^ 
E l O - 2 0 
7 2 
FIGURE XXVI. 
D i s t r i b u t i o n of 
Macoma "ba 1thlea 
at Aberlady Bay i n 1976. 
• >U animals 2 dm~ 
B l - U animals 2 dm 
• <1 animal 2 dnT^ 
FIGURE XXVII. 
D i s t r i b u t i o n of 
Cardium edule at 
Aberlady Bay i n 1976 c 
g >10 animals 2 dm ' 
@ 2-10 animals 2 dm 
• <2 animals 2 dm ^ 
FIGURE X X V I I I . 
D i s t r i b u t i o n of 
v a r i o u s o l i g o c h a e t e s 
at Aberlady Bay 
i n 1976, 
Q >30 animals 2 dm"^ 
S 10-30 aAimals 2 dm 
• <10 animals 2 dm"^ 
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was widely d i s t r i b u t e d over the whole bay although densest i n the i - e f f e r 
Burn above the f o o t - b r i d g e . 
The d i s t r i b u t i o n s i n <berlady Bay of hacoma b a l t h i c a and Cardium 
edule are shown i n i- inures)Q(VI andXXVII r e s p e c t i v e l y . Both these b i v a l v e s 
were commonest i n the c e n t r a ] ;n-ea of the bay and i n f r e q u e n t e a s t of 
oe=* Green. 
FigureXXVIII shov.'s the d i s t r i b u t i o n of v a r i o u s o l i g o c h a e t e s a t 
•^berlady. They a r e a t t h e i r densest around the mussel beds i n the 
c e n t r a l a r e a of the bay and as C l a s s I d u c k l i n g s fed i n t h i s a r e a 
these o l i ^ o c h a e t e s iiK.y be an important food s o u r c e . O l i g o c h e e t e s were 
t-lso common i n the F e f f e r Burn i-bove the f o o t - b r i d g e . 
Other i n v e r t e b r a t e s , found i n s m a l l e r numbers, i n c l u d e d Corophium 
v o l u t a t o r , liathyaorei'i Tsela~ich, , ' i c r a b i c u l ^ r i a plana, n r e n i c o l a marina 
and v a r i o u s b e e t l e l a r v a e . D e t a i l s of the d i s t r i b u t i o n s of a l l t h e s e 
s p e c i e s are given i n Tnble I i n the .'.ppendix. 
D e t a i l s of the d i s t r i b u t i o n c f d i f f e r e n t sediment types at Aberlady 
Bay are shown i n ]• i g u r e XXIX. 
6 . 3 DISTRIBUTION OF F.-.'i'DIlvJ :.R&\Q OF BRi^DIWJ BIRDS 
Breeding b i r d s i n c l u d e those p a i r s seen w i t h d u c k l i n g s , known to 
own a n e s t , or of which the drake had been seen alone on t h e i r f e e d i n g 
a r e a . Breeding b i r d s ' feeding a r e a s during «pril and May are shown i n 
F i g u r e X;.X. iio r e l a t i o n s h i p i s apparent between the p o s i t i o n of the 
feeding a r e a of such b i r d s and the numbers of Kydrobia which ranged from 
1- 100 Hyrirobia dm"\ 
Various workers have shown s e l e c t i v e feeding by female ducks f o r 
higher q u a l i t y food during the breeding season; S e r i e ( 1 9 7 6 ) and Dwyer ( 197 1 * ) 
on gadwalls (^nas s t r e e r a ) , and Krapu (197*0 on p i n t a i l s (Anas a c u t a ) . 
Assuming shelduck thtit s u c c e s s f u l l y breed ( a r e seen with d u c k l i n g s ) feed 
on a r e a s with s u i t a b l e food LV-ilable, why do b i r d s f a i l to breed 
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s u c c e s s f u l l y that feed on the north a r e a of the bay, where food 
a v a i l a b i l i t y ^ i n terms of Hydrobia dm ^ ) i s average f o r the whole 
bay? The feeding ranges of some of the breeding b i r d s overlapped i n 
t h i s a r e a , but u s u a l l y i n c l u d e d wetter of more muddy nreas w i t h i n t h e i r 
rnnge as v.:ell. I t i s p o s s i b l e V.\r.t the feeding p.roes a r e poorer to the 
north of the bay, foot 1 ;:.v.-.il;ibility b e i n r a f f e c t e d by these s a n d i e r 
s u b s t r a t e s drying out more r a p i d l y as the t i d e r e c e d e s . T h i s could 
e x p l a i n the lflrge feeding ranges of b i r d s seen i n t h i s a r e a , as the b i r d s 
have to se?.rch f o r t more f--.vourc.ble feeding a r e a during lov; t i d e . 
Examination of the egg production i n shelduck a t Aberlady showed i t to 
be much more i r r e g u l a r than su.jgested by workers on other shelduck 
populations (Hori 1 9 6 ^ ; P a t t e r s o n 197*0 • The feeding a r e a of the four 
shelduck t h f t used nest boxes i r e shown i n F i g u r e XXXVE and the d e s c r i p t i o n 
of t h e i r feeding sediments and egg production f i g u r e s ore summarized i n 
Table V I . A l l four b i r d s fed i n a r e a s with high numbers of _H. u l v a e 
( c . f . Youn," 1 9 7 0 ) , although the r i c h e s t f e e d i r g ;irea was probably the 
s o f t mud uy- the i- e f f e r !iurn above the foot-bridge where no. 891 f e d . 
The sediments were a l c o s o f t e s t here and i t was probably e a s i e s t here 
f o r a b i r d to gain an adequate food supply. Uengtson ( 1 9 7 1 ) showed a 
c o r r e l a t i o n between i n c r e a s e d c l u t c h s i z e and i n c r e a s e d food supply f o r 
e i g h t s p e c i e s of duck i n Lake Myvatn i n Sweden. However, Lack ( 1 9 6 7 ) 
suggested ducks would postpone l a y i n g i f food vivs i n s h o r t supply. The 
mean clutch- s i z e f o r the three b i r d s i n the main part of the bay ( 8.0) 
was lower than thr»t f o r b i r d no. 891 above the f o o t - b r i d g e , although the 
three b i r d s i n the bay s t a r t e d l a y i n g before no. 8 9 1 . For a l l b i r d s 
;in i n t e r v a l g r e a t e r than 29 h between eg,-,s n e a r l y always r e s u l t e d i n a 
h e a v i e r egg being produced, which would suggest tho.t by feeding l o n g e r 
the female was a b l e to produce a l a r g e r e;:g. Also eggs produced 29 h 
a f t e r the previous one we e o f t e n l i g h t e r . The best r a t e of egg production 
TABLE V I . Sediment types and r a t e s of egg production f o r 
four shelduck. 
B i r d Sediment Onset of 
No. Laying 
811 S/S 23A/76 
873 S/S 19A/76 
891 SM 30/U/76 
911 S 28 / V 7 6 
(S/S= S i l t / S a n d ; S=Sand; 
Egg Production C l u t c h Mean 
eggs d s i z e egg wt. 
(g) 
1.3 10 75.2 
1.3 7 8U.0 
1.2 9 79.5 
2.8 7 77.6 
SM= Sof t Mud) 
TABLE V I I . Egg production by b i r d no. 811 from 197U-76. 
(Data f o r 197*4 and 1975 are from Armstrong (197U) and 
Sutherland ( p e r s . comm.) r e s p e c t i v e l y . ) 
Year Sediment C l u t c h S i z e Mean Volume of Onset of 
egg (cm 2) l a y i n g 
197U S/S 10 73.1+1.2 1/5/7U 
1975 S Ik 7U.5+ 1.6 23/V75 
1976 S/S 10 75.8+ 1.2 23/U/76 
(S/S= S i l t / S a n d ; S= S i l t ) 
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was achieved by b i r d no. 891 feeding i n the r i c h sediments above the 
f o o t - b r i d g e . However, b i r d no. 391 only produced the second h e a v i e s t 
c l u t c h and bred l a t e r t l v n the other three p a i r s . 
The most complete data f o r a s i n g l e b i r d i s t h a t f o r b i r d no. 811 
whose eggs have be>--n m^'-rfured for the l a s t t h r e e ynars (Arm s t r o n g 1 9 7 ^ ; 
.'jiitherL-ind y?rs. comm.). i i c r feedin;: nrens i n e-.ch of t'-iese y e a r s i s 
a l s o known ( F i g u r e . . . I a V T I ) . U n f o rtunately on]y the dimensions but not 
the weight of the eg;;r, are ab--liable f o r 197^ -nd 1 ; ' 75 i s o the volume of 
the eggs ( i n a l l y e a r s ) was c a l c u l a t e d using the formula suggested by 
i r e s t o n (197*0: 
v = 0 . 5 1 2 8 L 3 ' : 
where:-
v = volume (cm") 
L = length (cm) 
B = maximum breadth (cm) 
A v a i l - h i e dt.'ta f o r bird no. 811 i s shown i n Table V I I . /although 
egg volumes wprs not s i g n i f i c a n t l y d i f f e r e n t between y e a r s ( 0 , 1 0 p 0 . 0 5 ) . 
the b i r d produced more egrs with a h e a v i e r mean weight i n 1975 v/hen feeding 
on a mud(iy r i c h substr.'te,, t'.v n i n 19?*+ when s.ie was feeding i n s a n d i e r 
s u b s t r n t e s . .-.lso the e a r l i e s t d-^te f o r the onset of l a y i n g was i n 1975 
and the l a t e s t w^s i n 197^ when she fed on the s a n d i e s t a r e a . 
F i g u r e shows the dates f o r the onset of l a y i n g by the b i r d s 
feeding i n d i f f e r e n t a r e a s , i n the bay, c n l c u l t - t e d where not known, from 
the date t h e i r brood.'-; were f i r s t se^n on the bay. T h i s suggests t h a t b i r d s 
feeding i n the muddier a r e a s of the bay s t a r t e d l a y i n g before the other 
b i r d s . However, the b i r d s occupying those a r e ^ s may simply have s e t up 
t h e i r f e e r i i r g ranges before the other b i r d s . Although i t i s p o s s i b l e 
as Lack ( 1 9 ^ 7 ) suggested, th: t poorer feeding arcr-.s r e s u l t e d i n the 
postponement of the onset of l a y i n g . 
8 2 
Although the above r e s u l t s sugge.-t d i f f e r e n c e s i n food a v a i l a b i l i t y 
may be a f f e c t i n g the breeding p o t e n t i a l of shelduck a t " b e r l a d y , f u r t h e r 
information i s r e q u i r e d on the f o l l o w i n g 1 
1. The l a y i n g rhythm of shelduck. I s i t normally 
i n t e r n a l l y jiro™ri\miiied :-t l e s s tuan 1 egg day 
and/or does i t vr.ry with food a v a i l a b i l i t y ? 
2 . The feeding behav our c f b i r d s i n d i f f e r e n t s u b s t r a t e 
arei.s e.<.;., how much time i s s;:ent s e a r c h i n g f o r food 
find what techniques re used to f i n d i t . Can t h i s be 
c o r ' - e l l a t e d to s u b s t r a t e type? 
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7.1 THE SOCIAL Olft.-.NIa.-.TION OF SHttLDUCK .-.T AB&RLADY 
S i n c e Howard (1920) and Altum ( i n Hayr 1935) f o r m u l a t e d t h e f i r s t 
comprehensive t h e o r i e s on t e r r i t o r i e s , many d e f i n i t i o n s o f t e r r i t o r y 
have been proposed (Lac!', and Lack 1933; C r a w f o r d 1939; I'oble 1939; 
T i n b e r g e n 1939; Nice 19^1; i-inde 1956). L x a m i n a t i o n o f t h e f e e d i n g ranges 
o f p a i r s o f shelc'uck d u r i n g t h e b r e e d i n g season s u g g e s t s t h a t t h e y do 
n o t conform t o two w i d e l y a c c e n t e d d e f i n i t i o n s o f t e r r i t o r i e s namely 
defended areas ( N o b l e 1939) o r m u t u a l l y e x c l u s i v e a r e a s ( P i t e l k a 1 9 5 9 ) . 
i i l t h o u g h a g g r e s s i o n was seen t o o c c u r between n e i g h b o u r i n g p a i r s o f 
s h e l d u c k , p a i r s were never seen d e f e n d i n g a r i g i d boundary a r o u n d t h e i r 
f e e d i n g a r e a . The e x t e n t o f t h e a r e a c o v e r e d by i n d i v i d u a l p a i r s v a r i e d 
enormously ( 0 . 5 - 13«9 h e c t a r e s ) . Known b r e e d i n g p a i r s (male seen a l o n e 
on the p a i r ' s f e e d i n g a r e a , n e s t f o u n d , o r seen w i t h d u c k l i n g s ) had b o t h 
l a r g e and s m a l l f e e d i n g r a n g e s , a l t h o u g h t h e m a j o r i t y (13 o u t o f 18) had 
f e e d i n g ranges o f l e s s t h a n two h e c t a r e s . P a i r s w i t h l a r g e f e e d i n g a r e a s 
c e r t a i n l y d i d n o t defend such ureas c o n t i n u o u s l y , s i n c e o t h e r p a i r s t o o k 
t h e i r p l a c e when t h e y moveii away. C o n s e q u e n t l y t o c a l l t h e f e e d i n g ranges 
o f breeding; b i r d s " t e r r i t o r i e s " would seem t o i n f e r t o o much. 
Why do t h e m a j o r i t y o f b r e e d i n g b i r d s have s m a l l f e e d i n g ranges? 
Comparison o f t h e p o s i t i o n s o f t h e f e e d i n g a r e a s o f b r e e d i n g p a i r s o f 
s h e l d u c k and t h e d i s t r i b u t i o n o f H y d r o b i a u l v a e w i t h i n t h e bay ( i n 1976) 
showed t h a t f e e d i n g ranges o f b r e e d i n g b i r d s o c c u r r e d i n a r e a s o f t h e bay 
w i t h numbers o f u.1 vae r a n g i n g f r o m 1-100 dm ^ (s e e S e c t i o n 6 . 3 ) . 
When th e s i z e o f t h e f e e d i n g ?rea i s p l o t t e d a g a i n c t t h e p e r c e n t a g e o f 
t h a t area i n c l u d i n g d e n s i t i e s o f ^. u l v a e g r e a t e r t h a n 5° dm ^ ( F i g u r e X X X I I ) 
no c l e a r r e l a t i o n s h i p i s a p p - r e n t between t h e two, p a i r s f e e d i n g i n s m a l l 
ranges soin.?timos h a v i n g low numbers o f [ I . u.lvae t h r o u g h o u t t h e i r r a n g e . 
( T h i s assumes _H. u l v a e i s t!ie fii-nin f o o d i t e m o f s h e l d u c k and whether 
shelduck f e d on o t h e r i n v e r t e b r a t e s i n a r e a s where numbers o f H. u l v a e 
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a r e low i s n o t known). However, i f t h e s i z e o f t h e f e e d i n g range i s 
p l o t t e d a j a i n s t t h e p e r c e n t i l e o f t h a t range r e p r e s e n t e d by mud o r 
s i l t ( a s d e f i n e d i n F i g u r e XXIX ) t h e n i t i s a p p a r e n t t h a t t h e l a r g e r 
f e e d i n g ranges a r e u s u n l l y a s s o c i a t e d w i t h s a n d i e r s e diments 
( F i g u r e X X X I I I ) . T h i s m y be r - ^ a t e d t o d i f f e r e n c e s i n f o o d 
a v a i l i i b i l i t y . The sandy p a r t s o f t h e bay may be p o o r e r f e e d i n g a r e a s 
t h a n t h e muriHy a r e a s . T h i s c o u l d be due t o r a p i d d r y i n g o f t h e 
s u b s t r a t e a f t e r t h e t i d e r e c e d e s , c a u s i n g b u r r o w i n g o f s h e l d u c k f o o d 
i t e m s u n d e r n e a t h t h e s u r f a c e o f t h e f e e d i n g s u b s t r a t e ( a s d e s c r i b e d i n 
C h a p t e r 6 ) . C o n s e q u e n t l y , p a i r w f e e d i n g on sandy a r e a s would need t o 
t r a v e l f u r t h e r a f i e l d i n s e a r c h o f more muddy o r wet a r e a s where f o o d 
m i g h t be a v a i l a b l e a t low t i d e . B i r d s whose f e e d i n g a r e a was n o r t h o f 
t h e P e f f e r Hum ( i n t h e sandy p a r t o f t h e bay) were seen t o wander 
between s m a l l ponds ar:d d r a i n a g e c h a n n e l s i n t h i s a r e a . 
3 a r r y ( 1 9 6 2 ) found th:?.t i f b r a n t ( b r a n t a b e r n i c l a h r o t a ) were 
unable t o f i n d s u i t a b l e f e e d i n g a r e a s d u r i n g t h e n e s t i n g p e r i o d t h e n 
a t r e s i a o f t h e o v a r i a n o c c u r r e d r e s u l t i n g i n s m a l l e r c l u t c h e s o r 
n o n - n e s t i n g . A s i m i l a r system i f o c c u r r i n g i n s h e l d u c k , c o u l d e x p l a i n 
i n p a r t , b r e e d i n g and n o n - b r e e d i n g i n d i f f e r e n t p a r t s o f t h e bay. 
B i r d s t h ^ t f e d on more sandy s u b s t r a t e s v/ould h-sve t o spend more t i m e 
• s e a r c h i n g ' f o r f o o d , compared v / i t h p a i r s f e e d i n g on muddy a r e a s , and 
would not be a b l e t o b u i l d up s u f f i c i e n t r e s e r v e s f o r egg l a y i n g o r 
i n c u b a t i o n . However, i n 1 9 7 6 , a f t e r s h e l d u c k l o s t t h e i r d u c k l i n g s t h e y 
t e n d e d t o f e e d i n t h e more sandy areas o f t h e bay d u r i n g t h e p e r i o d b e f o r e 
t h e i r m i g r a t i o n . T h i s s u g g e s t s t h a t sandy s e d i m e n t s may be good 
f e e d i n g a r e a s , e n a b l i n g shelduc'c t o b u i l d up t h e i r f a t r e s e r v e s b e f o r e 
m i g r a t i o n . 
F i g u r e A X X I V a-c shows changes i n t h e p o s i t i o n o f p a i r s f e e d i n g 
a r e a s between 197*t and 1 9 7 6 . T h i s shows a p r o g r e s s i v e movement o f p a i r s ' 
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f e e d i n g a r e a s f r o m t h e mouth o f t h e e s t u a r y i n t o t h e nr i n p a r t o f t h e 
bay. There were a l s o movements w i t h i n t h e bay and o u t o f t h e bay. 
The movement o f f e e d i n g a r e a s i n t o t h e w e t t e r muddy p a r t s o f t h e bay 
was u s u a l l y accompanied by s u c c e s s f u l b r e e d i n g ( a n a s t e r i s k marks t h o s e 
b i r d s w h i c h a r e known t o have b r e d ) . T h i s s u g g e s t s a g a i n t h e a p p a r e n t 
i m p o r t a n c e o f t h e wet muddy are--.s o f t h e bay. .-.lthough p a i r s moved 
t h e i r f e e d i n n a r e a s un t h e bay between 1 9 7 " and 1 9 7 6 , some remained i n 
the same area e.g., b i r d no. F:kO which b r e d s u c c e s s f u l l y (seen w i t h 
d u c k l i n g s ) i n a t lea.<;t two y e a r s o u t o f t h e t h r e e . However, o t h e r b i r d s 
moved t h e i r f e e d i n g ranges and s t i l l b r e d s u c c e s s f u l l y ( e . g . , b i r d 
r o . 8 1 1 ) , a l t h o u g h u s u a l l y t h e y remained i n t h e muddy p a r t o f t h e bay. 
T h e r e f o r e s u c c e s s f u l b r e e d i n g a s s o c i a t e d w i t h f e e d i n g i n c e r t a i n a r e a s 
o f t h e bay d i d n o t n e c e s s a r i l y r e s u l t i n a Maintenance o f t h a t f e e d i n g 
range i n t h e f o l l o w i n g y e a r . Could i t be b e n e f i c i a l f o r p a i r s o f 
s h e l d u c k t o move f u r t h e r i n t o t h e bay t o f e e d , as would appear t o be t h e 
t r e n d i n r i ^ u r e XXXIV a-c? E x a m i n a t i o n o f t h e d a t e o f a r r i v a l o f broods 
on t h e bay ( F i g u r e XXXV) shows t h a t g e n e r a l l y p a i r s f e e d i n g f u r t h e r i n t o 
t h e bay, o r i n muddy a r e a s , b r o u g h t t h e i r d u c k l i n g s o n t o t h e bay b e f o r e 
p a i r s t h i t f e d f u r t h e r o u t i n t h e bay n o r t h o f t h e P e f f e r Burn. T h i s 
may have been because t h e f i r s t p a i r s t o s e p a r a t e f r o m t h e p r e - b r e e d i n g 
f l o c k s i n F e b r u a r y f e d i n t h e muddy a r e a s . However, i f p a i r s t h e f i r s t 
t o s e p a r a t e f r o m t h e p r e - b r e e d i n g f l o c k f e d e i t h e r i n t h e muddy o r t h e 
sandy areas o f t h e bay, t h e n p a i r s f e e d i n g f u r t h e r i n t o the bay may have 
br e d f i r s t because food a v a i l a b i l i t y b e i n g g r e a t e r i n these muddy a r e a s , 
a l l o w e d t h e o n s e t o f l a y i n g sooner ( c f . Lack 1 9 6 7 ) -
Shelduck f e e d i n g f u r t h e r i n t o h b e r l a d y Bay have been shown t o 
n e s t u s u a l l y o u t s i d e t h e dune system, and e a s t o f Crossed F a i r w a y s 
(see S e c t i o n T h i s s t u a y h.v.s shown p o s s i b l e mechanisms o f 
i n t r a s p e c i f i c d i s t u r b a n c e ( S e c t i o n s k.5 and ^ . 6 ) and as most b i r d s 
c o n g r e g a t e i n t h e dunes d u r i n g t h e m o r n i n g , d i s t u r b a n c e a t n e s t s i t e s 
would seem moat l i k e l y t o o c c u r i n t h e dunes. T h i s would i n f e r t h a t 
p a i r s f e e d i n g f u r t h e r i n t o t h e bay may be more l i k e l y t o be s u c c e s s f u l 
b r e e d e r s . So, by moving t h e i r f e e d i n g area f u r t h e r i n t o t h e bay 
p a i r s c o u l d not o n l y be l e s s ;rone t o i n t r a s p e c i f i c d i s t u r b a n c e b u t 
a b l e t o produce d u c k l i n g s e a r l i e r , i i u t i s i t :tn • dvantage t o produce 
t h e d i r . s t broods on t h e bayV 
Heuvy d u c k l i n g m o r t a l i t y has been r e p o r t e d f o r s e v e r a l s p e c i e s o f 
duck o t h * r t h a n s h e l d u c k ( K o s k i m i e s 1 9 5 5 ; 3 e a r d 1 9 6 ^ ; l i i L - l e n 196k; 
M i l n e 1 9 6 5 ) . J e n k i n s je_t a l . ( 1 9 7 5 ) shov.'ed t h a t t h e overage p r o d u c t i o n 
o f young p e r a d u l t tended t o be l o w e r a t h i g h s h e l d u c k d e n s i t i e s t h a n 
a t low d e n s i t i e s . He a l s o showed t h ^ t f i t ^ b e r l a d y Bay an i n c r e a s e i n 
t h e numbers o f s h e l d u c k t h e r e f r o m 1 9 5 0 t o 1 9 7 3 c o i n c i d e d w i t h decreased 
d u c k l i n g p r o d u c t i o n . U n f o r t u n a t e l y my s t u d y f i n i s h e d b e f o r e i t was 
p o s s i b l e t o d e t e r m i n e t h e number o f d u c k l i n g s f l e d g e d . Houever, i t wee 
no more the.n 3 3 which f o r a p o p u l a t i o n o f 1 2 0 a d u l t s i s e q u i v a l e n t t o a t 
most 0 . 2 7 f l e d g e d d u c k l i n g s p e r f - d u l t , t h i s may be compared w i t h h.$ 
f l e d g e d d u c k l i n g s " t M u s s elburgh ( f r o m one p a i r ) . I can c o n f i r m t h a t 
l ow p r o d u c t i o n a t h i g h d e n s i t i e s o f s h e l d u c k i s n o t due t o low egg 
p r o d u c t i o n o r h a t c h i n g success ( s i n c e 3 6 6 d u c k l i n g s were b r o u g h t o n t o 
t h e bay a t A b e r l a d y i n 1 9 7 6 ) b u t t o h i g h d u c k l i n g m o r t a l i t y o f 
C l a s s I d u c k l i n g s d i e d b e f o r e r e t c h i n g C l a s s I T i n 1 9 7 6 ) . I s u g g e s t 
t h a t h i g h m o ? t a l i t y i s caused by t h e l a r g e numbers o f s h e l d u c k ( w i t h 
o r w i t h o u t d u c k l i n g s ) p r e s e n t i n one aret-., r e s u l t i n g i n f r e q u e n t i n t e r -
a c t i o n s between p a i r s . T h i s i n t u r n l e a d s t o c r e c h i n g o r o p p o r t u n i s t i c 
p r e d a t i o n o f d u c k l i n . - s by g u l l s d u r i n g f i g h t s between e d u l t s . I t w o u ld 
seem t h - i t c r e c h i n g mc.y n o t be ?.s advantageous f o r d u c k l i n g s a t A b e r l a d y 
t h a n m i g h t be t h o u g h t . Uven t h o u g h c r e c h e s o f ur> t o 3 ^ d u c k l i n g s were 
seen a t .--.berlady, more t h a n o n e p a i r o f a d u l t s c c r i n g f o r a c r e c h e was 
9-. 
o n l y seen once. '»s d u c k l i n g s s t r a y f r o m t h e i r p a r e n t s w h i l e f e e d i n g , 
t h e l a r g e r t h e number o f d u c k l i n g s t h e r e were i n a c r e c h e t h e e a s i e r 
i t would be f o r g u l l s t o t a k e a d u c k l i n g b e f o r e t h e female c o u l d g a t h e r 
t lern around h e r . T h e r e f o r e , i f a p a i r b r i n g t h e i r d u c k l i n g s o n t o t h e 
bay e a r l i e r t h a n most, t h e l i k e l i h o o d o f c r e c h i n g would he l e s s , as 
fev.er broods would be p r e s e n t . C o n s e q u e n t l y , t h e chances o f t h e 
d u c k l i n g s s u r v i v i n g C l a s s I (where most m o r t a l i t y o c c u r s ) may be g r e a t e r 
( t h e s m a l l e r b r o o d a l l o w i n g b e t t e r c a r e o f t h e d u c k l i n g s by t h e i r own 
p a r e n t s ) . E x p e r i m e n t a l a n a l y s i s o f f o l l o w i n g r e a c t i o n s i n d u c k l i n g s have 
shown t h e young t o become ' i m p r i n t e d * o r ' c o n d i t i o n e d ' t o a moving 
o b j e c t when up t o 2k h o l d ( F a b r i c i u s and Boyd 1 9 5*0. C-ne h o l e - n e s t i n g 
s p e c i e s , t h e wood duck ( A i x s p o n s a ) , can be i m p r i n t e d t o s p e c i f i c c a l l s 
i n t h e absence o f visu.-.l s t i m u l a t i o n . However, t h e s h e l d u c k f o l l o w s 
t h e r e q u i r e m e n t f o r v i s u a l , s t i m u l a t i o n , c h a r a c t e r i s t i c o f duc ;<s w i t h open 
n e s t s ( K l o p f e r 1 9 5 9 ) . T h e r e f o r e s h e l d u c k b r i n g i n g t h e i r brood o n t o t h e 
bay b e f o r e tn;;.ny o t h e r broods nre p r e s e n t , may a l l o w more e f f e c t i v e 
i m p r i n t i n g between t h e p a r e n t s and d u c k l i n g s t o t a k e p l a c e b e f o r e t h e 
p a r e n t d u c k l i n g bond c o u l d be broken by c r e c h i n g . 
I n p r e v i o u s y e a r s 1 -2 broods were r e a r e d i n an area, o f dense c o v e r 
around t h e l e f f e r Burr, above t h e f o o t - b r i d g e (.Jenkins p e r s . coifim.). 
Two p a i r s ( i n 1 9 7 6 ) i n i t i a l l y t o ok t h e i r broods t o t h i s area f o r s e v e r a l 
days b e f o r e t a k i n g them o n t o t h e main p a r t o f t h e bay. One o f t h e s e 
p a i r s had t h e i r f e e d i n g area i n t h i s r e g i o n and t h e o t h e r p a i r f e d h i g h 
up i n t h e bay. T h e r e f o r e , by f e e d i n g f u r t h e r i n t o t h e bay, p a i r s 
p r o b a b l y iiave a ( p r o s p e c t i v e ) good and i s o l a t e d n u r s e r y area f o r d u c k l i n g s . 
I t w o u l d , t h e r e f o r e , seem advantageous i n many ways f o r p a i r s t o 
move t h e i r f e e d i n g ;ire-:is f u r t h e r i n t o t h e bay o n t o more muddy a r e a s . 
From F i g u r e XXXIV t h i s i s •> g r a d u a l p r o c e s s i n v o l v i n g y e a r l y reassessments 
o f t h e p o s i t i o n o f p a i r s i n t h e bay. T h i s system c o u l d be m a i n t a i n e d by a 
92 
TABLE V I I I . Number4 of adult shelduck seen east of 
K i l s p i n d i e House rfewage Works L i n e i n March ( A p r i l 
and May i n 1976) - mid June. A l l data except 1976 
Jenkins jet j a l . (1975). 
YEAR 
1976 1968 1969 1970 1971 1972 1973 1976 
the 
i n 1973 
i s from 
x 75 83 70 68 77 85 81 79 
Sx - 7.6 2.8 2.9 3.3 1 .5 U.5 
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dominance h i e r a c h y w i t h t h e o l d e r more e x p e r i e n c e d b i r d s f e e d i n g i n 
t h e " b e s t " a r e a s and b e i n g a b l e t o m a i n t a i n t h e i r p o s i t i o n s t h e r e , 
p r e v e n t i n g o t h e r p a i r s e n c r o a c h i n g o n t o t h e i r a r e a . 
The p o s i t i o n o f d i f f e r e n t p a i r s * p a r l i a m e n t s i t e s may a l s o 
r e f l e c t t h i s dominance h i e r a c h y , each p a i r s e l e c t i n g a s i t e near t o 
t h e i r f e e d i n g area and p r e v e n t i n g o t h e r p a i r s l a n d i n g t h e r e . Even 
t h o u g h s h e l d u c k were t o l e r a n t o f each o t h e r a t p r r l i a m e n f c s , o u t b u r s t s 
o f a g g r e s s i o n o c c u r r e d between p a i r s . On one o c c a s i o n t h r e e p a i r s 
were seen p r o s p e c t i n g i n a group near a p a r l i a m e n t s i t e . However, 
when a n o t h e r p a i r a t t e m p t e d t o j o i n them t h e y were n o t a l l o w e d t o 
( u n f o r t u n a t e l y i t was n o t p o s s i b l e t o see i f any o f t h e s e p a i r s were 
r i n g e d ) . 
7 . 2 CAN '2U£ AB2XL.tD¥ POIUL -.'I'lON Mr) .•JiJLF-M.-.IN'iV.IHdD? 
I t i s p o s s i b l e t h a t t h e number o f b r e e d i n g p a i r s p r e s e n t each 
y e a r i s l i m i t e d by c o m p e t i t i o n between p a i r s f o r 3 good f e e d i n g s i t e . 
The number o f b i r d s i n v o l v e d i n t h i s c o m p e t i t i o n i s p r o b a b l y l i m i t e d 
by incre-":;T<":d i n d i v i d u a l d i s t a n c e a p p a r e n t i n t h e b r e e d i n g season. 
V a r i o u s e v i d e n c e s u p p o r t s t h i s : 
1 . The numbers o f b i r d s e a s t o f t h e K i l s p i n d i e House 
Sewage Works l i n e (Xli^ ' u L ) where b r e e d i n g p a i r s f e d 
has remained relatively•con±ant s i n c e 1 9 6 7 ( T a b l e V I I I ) . 
2 . F l o c k s o f s h e l d u c k were o n l y seen west o f t h e KHSKL 
l i n e o r i n t h e s a l t i n g s . 
3 . F e e d i n g ranges o v e r l a p . 
However, whether t h e numbers o f b i r d s i s a t a maximum i s n o t c l e a r . 
Assuming an a n n u a l m o r t a l i t y o f 2Q : : f o r a d u l t s h e l d u c k (Boyd 1 9 6 3 ) , 
t h e p o p u l r t i o n o f 1 2 0 a d u l t s h e l d u c k s a t ..berlady r e q u i r e s ?A s h e l d u c k s 
t o r e a c h b r e e d i n g age each y e a r . At most 3 3 d u c k l i n g s c o u l d have 
f l e d g e d a t .-.berlady 1 9 7 ^ . However, an e s t i m a t e o f l o s s e s between 
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f l e d g i n g and a r r i v a l a t t h e boy as an a d u l t (deduced from d u c k l i n g s 
r i n g e d i n p r e v i o u s y e a r s ) i s f>?:' w h i c h would l o w e r t h e p o t e n t i a l 
numbers o f d u c k l i n g s s u r v i v i n g t o a d u l t h o o d t o 1 3 , below t h a t needed 
f o r maintenance o f the '-berlariy p o p u l a t i o n . T h i s would i n f e r t h a t 
i m m i g r a t i o n from o^.her p o p u l a t i o n s i s r e q u i r e d t-"> m a i n t a i n t h e 
.'.berlady p o p u l a t i o n , ilowever, ..berlady i s j u s t p a r t o f a l a r g e r 
p o p u l a t i o n - r e s e n t i n t h e r i r t h o f f o r t h and whether d u c k l i n g s t h a t 
f l e d g e d b u t d i d n o t r e t u r n t o the bay, d i e d o r j u c t went e l s e w h e r e i s 
n o t known. I f p r o d u c t i o n o f d u c k l i n g s i s i n s u f f i c i e n t t o m a i n t a i n t h e 
numbers o f s h e l d u c k a t A b e r l a d y t h e n t h e r e must be a r e a s where p r o d u c t i o n 
exceeds m o r t a l i t y . T h i s would seem l i k e l y t o o c c u r i n s m a l l e r 
p o p u l a t i o n s where d e n s i t i e s were l e s s e.g., a t M u sselburgh where one 
p a i r was seen w i t h n i n e duc-*.lings near f l e d g i n g . 
Reasons f o r shelduck n e s t i n g i n l a n d are n o t c l e a r . B o t h b i r d s 
seen f e e d i n g i n l a n d commenced l a y i n g e a r l y i n t h e season but were n o t 
seen f e e d i n g i n t h e bay d u r i n g t h i s p e r i o d and i t i s n o t known i f t h e y 
d i d so b e f o r e t h i s . I t i s p o s s i b l e t h a t o p p o r t u n i s t i c f e e d i n g i n p o o l s 
i n l a n d a l l o w e d theae p a i r s t o breed e a r l i e r f r e e from any c o m p e t i t i o n 
t h a t b i r d s m i g h t e x p e r i e n c e on t h e bay. 
7 . 3 AB;-;wI,.;i)Y'S FUTURE 
Ab e r l a d y Bay i s a c t i v e l y , s i l t i n g up a f t e r once b e i n g a p o r t . 
A main sewer used t o f l o w i n t o t h e bay c r e a t i n g s u i t a b l e c o n d i t i o n s f o r 
•'.ydrobia u l v a e w h i c h e a t s b a c t e r i a , t h r i v i n g on some k i n d s o f o r g a n i c 
p o l l u t i o n . However, t h i s sewer has been r e d i r e c t e d i n t o t h e F i r t h o f 
F o r t h , p r o b a b l y making t h e bay more sandy ( l o c a l s t o l d s t o r i e s o f p e o p l e 
g e t t i n g s t u c k i n t h e mud but now t h i s w-ulri o n l y be l i k e l y t o o c c u r above 
t h e f o o t - b r i d g e i n t h e * ' e f f e r D u r n ) . T h i s s i l t i n g o f t h e bay may be 
d e t r e m e n t n l f o r s h e l d u c k e.g., t h e r i s e i n ground l e v e l on t h e n o r t h 
s i d e o f t h e i - e f f e r Hum may r e s u l t i n t h i s area b e i n g covered by t h e t i d e 
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l e s s f r e q u e n t l y , a f f e c t i n g t h e i n v e r t e b r a t e p o p u l a t i o n f o u n d t h e r e . 
J e d i m e n t s s h o u l d be checked e v e r y few y e a r s as t h i s c o u l d be a m a j o r 
f a c t o r a f f e c t i n g t h i s p o p u l a t i o n . 
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M TABLE I . Number of invertebrates in mud samples (animals 2 dm"3) 
Sampling Species Position 
Hydrobia Nereis Spionid Macoma Cardium 
ulvag. diversicqlor Worms balthica edule 
Bl - 3 3 1 _ CI - 12 20 1 63 Dl 31 3 68 3' £1 2U 7 50 6 A2 - — 9 1 B2 — 1 3 k C2 25 11 57 5 16 D2 88 2 131 2 7 
£ 2 65 - 135 2 3 A3 17 1 87 — B3 3 17 112 3 _ 
C3 3 10 15 U D3 331+ 5 200 9 16 E3 230 13 2U3 2 3 
Ak 52 3 106 _ BU h2 n U7 5 18 
Ck 1 i 23 1 2 DU 33 25 10 6 13 EU 1 10 1 3 
Fk 128 7 18 _ 5 
A5 26k 2 26 — 
B5 239 2 17 — 3 C5 - 15 100 - . 2 D5 191 7 32 — — 
E5 102 U 53 3 17 P5 13U 3 10 6 6 Bo 63 17 U 5 C6 173 6 10 7 D6 329 10 12 2 6 
£ 6 29 16 U8 U 2 P6 7 3 9 — 06 21 5 28 — _ 
H6 23 h 185 — — 
C7 128 2 5 — 2 
D7 2U8 8 9 2 8 
E7 67 96 — -
P7 77 20 1U1 1 1 07 59 U 192 2 — 
H7 1 1 10 - — D8 137 2 7 1 2 E8 UU 10 81 16 20 P8 52 15 161 - — 08 98 15 IkS - -H8 110 7 230 — 3 P9 216 8 166 6 8 
09 19U 2 10 -
H9 hO 6 36 - -
19 79 7 10 - -J10 27 UO 29 - — 
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TABLE I cont. 
Sampling Species 
Position 
Scrataicularia Arenicola Corophium Bathyporeia Oligo-
plana marina volutator pelagica chaetes 
Bl 5 
CI 15 
Dl + 
E l 5 
A2 
' B2 6 
G2 20 
D2 1^  
E2 19 
A3 
B3 27 C3 1 3 
D3 Ul 
E3 3 AU 1 
BU 2 28 
81 
DU 3 99 
EU h 
PU 3 
A5 2 
B5 2 1 
C5 UO 
D5 17 
E5 3 
P5 5 
T-.C C 
BO O 
C6 3 2o 
D6 
E6 9 
P6 3 
06 
H6 2U 
C7 ^ 
D7 
E7 6 
F7 31 
07 1 
H7 
D8 1 13 
E8 1 
P8 1 
08 k 
H8 1 20 
P9 1 + 8 
09 2 
H9 10 
19 . 
J10 + 19 
